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THEN-BODYCODE- A GENERALFORTRANCODEFORTEE

NUMERICALSOLUTIONOFSPACEMECHANICS

PROBLEMSONAN IBM 7090 COMPLWfER

By William C. Strack and Vearl N. Huff

SUMMARY

A general astronomical integration code designed for a large class of prob-
lems in space mechanics that maybe solved by numerical integration is described_
The equations of motion provide for the effects of up to eight gravitating celes-
tial bodies_ oblateness and aerodynamic forces from the celestial body at the
problem origin3 propulsion system thrust_ and rotation of the body at the origin.
The coding in this report is intended for use on an IBM 7090. An earlier version
was reported in NASATechnical Note D-1¢55 and was designed for use on an IBM 70¢.

INTRODUCTION

The general problems of space mechanics (i,e._ n-bodies plus nonconservative
forces such as thrust) cannot be solved analytically. Therefore3 numerical inte-
gration through the use of computing machinery is usually employed.

Several codes have been written for the numerical solution of problems in
orbit mechanics_ for example_ the Themis Code of reference 1 is a double-
precision code intended primarily for close satellites or interplanetary coasting
flight. Reference 2 describes a space-trajectory program of considerable merit.
A listing of several other trajectory codes maybe found in reference 3.

The general purpose code described herein has several distinctive features
not all of which are found in any one of the previously available codes. As de-
scribed her@in3 this code is designed to operate on an IBM 7090 computer that has
a 32_000 word (32 K) memory. The fact that the program is written in FORTRAN
should make it applicable to installations having other types of equipment that
accept the FORTRANlanguage, An earlier version of this program designed for an
IBM 704 with an 8-K core and at least 1 K of drum storage has been previously
published in reference 4. This report has incorporated a number of improvements.
The most important ones are: (1) only one core load is required_ (2) all stage
data for multistage vehicles may be loaded simultaneously_ (3) the third harmonic
term is included in the Earth's oblateness equations_ and (4) there are addi-
tional program controls available that provide increased flexibility.

The program is compartmented into 25 subroutines to facilitate modifications



for specific problems. The integration is carried out in either rectangular co-

ordinates or orbit elements at the option of the user. A compact ephemeris that

occupies about one-seventh of a reel of tape is utilized for positions and veloc-

ities of the planets (except Mercury) and the Moon. An atmosphere is included

so that aerodynamic forces may be considered.

STATEMENT OF PROBLEM

The problem to be solved may be stated as follows: Given certain initial

conditions_ compute_ using three degrees of freedom 3 the path of an obJect_ such

as a space vehicle_ subject to any or all of the following forces:

Origin body gravitational field

Other celestial body gravitational fields

Propulsive thrust

Aerodynamic forces

Any other defined forces

Alternately 3 in equation form_ with respect to a noninertia! Cartesian coordinate

system 3

r = _PU+

n

Z (Ilk2 m i V _ - _i

i=!

(I)

where n equals the number of perturbating bodies and _ denotes the del oper-

ator. (All symbols are defined in appendix A,)

Origin Body Gravitational Field and Oblateness Perturbations

The first termj Zll_ in the equation of motion (eq. (i)) represents the grav-

itational forces due to the origin body. When the origin body is spherical and

made up of homogeneous layers_ this term becomes simply -_/r 3. In the case

of the Earth_ however 3 the effect of oblateness may be important_ and additional

terms must be added to account for the oblateness effects. The expression for

the gravitational potential U of an oblate spheroid may be written_ according

to reference 5, as

k2mr II J{Rr_2rl (r)2 ] {P_Z[Z (z) 2] (_)A [Z (z) 2

- + H _ _z + _ - 30 + _s

2



where the x,y plane lies in the equatorial plane. The components of gravita-

tional acceleration are as follows:

Ux = _ = r_ i + J

_ m 3

I z3 ¥

3 y
+_ V+6 -9 -r

z+_ - 6 +_

_(_)

The first terms exist for a spherical planet composed of concentric layers of

uniform density. The terms containing J_ H_ and _ are frequently called the

second_ third_ and fourth harmonic terms_ respectively 3 while Jj H 3 and

are known as the harmonic coefficients.

It is expected that oblateness perturbations need to be computed only for

the origin body3 since at large distances_ such as that between celestial bodies_

the gravitational field of an oblate body is essentially an inverse-square field.

Consideration of oblate bodies other than the Earth requires only different val-

ues of J_ H 3 and _ if that body's rotation axis is parallel to the z-axis.

When the body has triaxial asymmetry or when the z-axis cannot conveniently be

alined with the rotation axis of the origin body_ the equations must be extended
if oblateness is to be included.

Celestial Body Perturbations

The presence of more than one gravitating body in addition to the object re-

sults in the inclusion of the second term of equation (I). The evaluation of

this term requires a knowledge of the positions of the bodies as a function ,of

time. The degree of precision desired determines the method to be used to obtain

the positions such as elements of ellipses or an ephemeris.
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Propulsive Thrust

The propulsive acceleration is completely specified by a direction and a
magnitude. The thrust direction may be referred to the velocity vector by two
angles: _3 the angle between the velocity and the thrust vectors and _3 the
angle between the orbit plane and the velocity-thrust plane. The sense of each
angle is indicated in sketch (a).

z)

Orbit plane

Velocity-thrust _,__ _. //

x_ (0,0,0 )
Y

(a)

/

The velocity may be referenced with respect to one of several coordinate

systems. If the computation refers to s takeoff of a rocket or winged vehicle_

the coordinate system rotating with the Earth may be preferred, in such cases

the relative velocity (i.e._ the velocity of the object relative to the atmos-

phere) will serve to orient the thrust vector. Resolution of the thrust-vector

components along the x_y_z axes is shown in appendix B.

The thrust magnitude for most types of problems is of the form

F = F(_,l,t, • • .)

Any such function (or even a more complicated relation) may quite easily be in-

serted into the program. For many space powerplantsj the rocket engine thrust

equation

F =-_Zg c - PAe

is sufficient and ks used as a standard in the present program.

Aerodynamic Forces

The aerodynamic forces are usually divided into the two components 3 3ift and

drag. The drag force is directed opposite to the relative wind vector_ and the

lift vector is perpendicular to the relative wind vector. The angles _ and _3

defined in the previous section 3 serve as the angles of attack and roll, respec-



tive!y. Yaw effects are not considered. Resolution of the lift and drag vectors

into components along the xjy;z axes is given in appendix B.

The magnitudes of the lift and drag forces may be conveniently determined

through use of a tabular group of coefficients in relatively simple equations.

The lift and drag magnitudes may then be expressed (as is usual in aerodynamics)

as

L = CL(_,_M)qS (5)

D = CD(CL,NM)qS (6)

where

= m(t)

cL = fl(_)sin

cD= cD,O+ CD,i = CD,0(%_)+ f2(%_)C_

1 )2q = _ p(v'

p _ p(P,m)= p(h)

If _(t), CD,0(NM) , fI(NM), and f2(NM) are assumed to be quadratic functions and

is assumed to be constant_ the expressions for _, #_ CL, CD,0, and CD, i
become

= all + al2t + alst 2

IB = _30

CL= (s_21 + a22NM + s_23N_)sin _

CD, 0 = a31 + a52NM + a33 _

CD, i--(a41 + a42NM + a45N_)C _

where the quadratic constants ai, j may have different values for different re-
gions of the independent variables t and NM.

It should be remembered that these choices are arbitrary and are not re-

strictive because other functions may easily be used by simply changing the equa-

tions where they appear iu the program. In fact, any propulsion system and aero-

dynamic configuration can presumably be incorporated by writing proper thrust and

aerodynamic subroutines.

Pressure, temperature, and density are determined as functions of altitude

in accordance with the U.S. Standard Atmosphere, 1962. The atmospheric data



are in the form of a short table 3 which maybe altered conveniently to account
for a different atmospheric model.

Other Forces

The X forces may be any forces such as electrostatic_ magnetic_ or solar
radiation pressure that affect the trajectory. While these forces are not con-
sidered further herein 2 their inclusion would usually be feasible and would be
similar to thrust, lift 3 and drag.

METHODOFSOLUTION

A description of several numerical integration techniques and their relatiw
merits are contained in reference 6. A straightforward method for finding the
position of the object as a function of time is to integrate the total accelera-
tion of the object expressed in rectangular components. An example of this
method is Cowell's method (ref. 6).

Eowever3 when the system under investigation consists of two nonoblate
bodies (one of which is the object) with no forces other than gravitational at-
traction forces, an exact analytical solution for the motion of the body exists.
Further3 if the conditions of the actual problem are such as to approximate the
two-body problem closely_ another approach is to use the exact two-body solution
as a basis and simply integrate the changes in the two-body parameters_ since
they should be slowly varying. This technique3 sometimes called the "variation
of parameters," will be referred to as "integration of orbit elements."

Since problems both remote and near to the exact two-body problem are en-
countered in orbit mechanics and since either type of problem is solved more ef-
ficiently by using the technique most suitably applicable 3 it was considered
desirable to use either of the previously mentioned integration techniques at
will. Accordingly 3 two methods of integration are provided in the program,
namely_ rectangular coordinates and orbit elements.

Integration Variables

To use either of these integration techniques_ it is necessary to select a
suitable set of variables. Because a differential equation maydetermine the
mass of the object (i.e._ spacecraft), mass has been selected as a variable to b_
integrated. Selection of the remaining parameters follows in the subsequent par-
agraphs.

Rectangular coordinates. - In the first technique, the total acceleration

components _, _; and [ are integrated to obtain x3 y; and z where x_ y_

and z are the rectangular components of the origin to object radius r-_. The

positive x-axis points in the direction of the mean vernal equinox of 1950.0.

The positive y-axis lies in the mean equator of 1950.0 and is perpendicular to
and counterclockwise from the positive x-axis. The z-axis points north and



completes the righthanded orthogonal set. The integration in rectangular coor-
dinates involves numerical solution of three second-order differential equations_
that is_ a double integration is required for integrating the accelerations to
obtain velocities and the velocities to obtain positions. The rectangular vari-
ables have advantages of complete generality and a minimumamount of computing
per step.

Orbit elements. - In the variation-of-parameters technique_ a set of six in-

dependent two-body parameters called orbit elements are integrated. These six

parameters may be arbitrarily chosen from a host of possibilities. The set se-

lected for this program is composed of the eccentricity e3 the argument of peri-

center _ the equatorial longitude of ascending node _3 the inclination of the

orbit plane to the equatorial plane i3 the mean anomaly Mj and the semilatus

rectum p. The transformation equations from orbit elements to rectangular coor-

dinates are given in appendix C.

The integration of orbit elements requires the numerical solution of six

first-order differential equations. The rather involved transformation by which

the three second-order differential equations in x_ Y3 and _ are reduced to

six first-order equations in _, 2, g, i_ M_ and _ is contained in reference 7.

Integration in orbit elements is frequently advantageous because the smaller

orbit-element derivatives may permit larger integration intervals that result in

fewer steps. In the special case of two-body motion_ the derivatives are zero

(except _ which is a constant).

_thematical difficulties may arise occasionally with most sets of orbit

elements. In particular 3 for the selected set_ these occur when e approaches

unity (parabolic trajectory)3 which causes a loss of numerical accuracy in the

frequently used quantity (i - e2)_ and when an asymptote is approached too

c!osely3 which causes numerical difficulties in the iterative solution for eccen-

tric anomaly from Kepler's equation. The selected solution to these difficulties

is to shift temporarily to rectangular-coordinate integration whenever the diffi-

culty arises.

Integration Method

It is clear that regardless of the choice of integration technique, the mag-

nitudes of the derivatives of the variables to be integrated may vary consider-

ably along the trajectory. With fixed step size (constant intervals in time)_

the integration scheme will take unnecessary steps in the regions where the

changes in the derivatives are small and thus will waste computing time and in-

crease roundoff error. When the derivatives are large and change rapidly_ a
fixed step size will result in large truncation error (error due to excessive

step size). Thus_ in the interest of computing accuracy and economy_ use of var-
iable step size along the trajectory becomes desirable.

One of the integration schemes that allows variable step-size control to be

incorporated easily is the Runge-Kutta scheme. For this and other reasons, it

was decided to use a fourth-order Runge-Kutta method with variable step-size con-
trol.

7



Truncation error and step size maybe controlled by examining the relative
errors between the fourth-order Runge-Kutta integration schemeand a lower-order
integration procedure, The arbitrarily chosen low-order integration schemewas
an unequal-interval Simpson rule method, Details of the fourth-order Ru_e-Kutt_
integration method and the step-slze control are given in appendix D, Roundoff
error maybe reduced by accumulating the integration variables in double preci-
sion,

Origin Translation

As noted previously s machine computing time and roundoff error may be mini-
mazedby maximizing the integration interval, The largest intervals are possible
in orbit elements when the celestial body at the problem origin is the one that
has the greatest influence on the vehicle motion, For this and sometimes other
reasons3 it maybecomedesirable to translate the problem origin occasionally as
the vehicle movesalong its path.

Such translations of the origin maybe madewhen the object enters a body's
"sphere of influence," that is 3 the sphere about a body within which the greatest
influence upon the object is due to forces originating from that particular body,
In this program_ the orientation of the coordinate system is always alined with
the system determined by the Earth's meanequator and equinox of 1950,03 as is
standard in astronomy,

TEECODEANDITS USAGE

The stated problem was programed in FORTRANroutines that are separately
designed to accomplish one task but when combined form a complete program. This
feature facilitates modifications.

The program is labeled as a general-purpose code_ but an efficient general-
purpose code cannot be a reality. AS a result_ this code is not especially gen-
eralj but an attempt has been madeto retain efficiency and to provide for easy
modification of the routines to recover generality as needed. For example, the
program is an "open system"_ that is_ it solves an initial-value problem. There
is no link provided to obtain specific end conditions. Provision of this link is
left to the user for his specific needs. In particular_ when certain end condi-
tions of a trajectory are to be met by determining the correct initial conditions
(two-point boundary-value problem)j the user may program an iteration schemeto
compute initial conditions from end conditions of previous runs. Figure 1 is a
simplified diagram that shows how the various major subprograms (and exits) are
arranged.

In the following sections_ the program is sometimes discussed in terms of
the FORTRANvariables and routines. A glossary of these variables is given in
appendix E.

8



Ephemerides

To determine the position of each celestial body, there is offered a choice
between ellipses and a precision ephemeris. Any appropriate ellipse data maybe
used_ and an example of such data is given in table I.

The precision-ephemeris tape that is used in the program was so made that

position and velocity were obtainable through the use of a fifth-order polynomial

whose coefficients are stored on tape. The details concerning the making of the

tape and its structure are given in appendix F. This master tape is a merged

ephemeris containing all the planets (except Mercury), the Moon, and the Earth-

Moon barycenter from October 25, 1960 to about 2000 (except for the Moon_ which

has an ending date of 1970).

Direct use of the master merged ephemeris tape would, in general, waste

computing time, since excess tape handling would occur in order to bypass data

not required for the particular problem. To minimize tape handling during exe-

cution 3 a shorter merged ephemeris containing only that data needed for a spe-

cific problem is constructed at execution time. Several of these working ephem-

erides may be constructed before the integration of the problem. (Several prob-

lems may be loaded simultaneously with the same ephemeris, or each problem may

require a distinct ephemeris, or several ephemerides may be desired for a single
problem.)

Multistage Vehicles

The code is designed to handle the case of multistage vehicles in the fol-

lowing way: The stage data for all stages is intended to be loaded simultane-

ously. This results in several initial values of those parameters classified as

stage parameters. Also 3 this may be expensive in terms of machine storage if

either the number of stage parameters or number of stages is large. Therefore,

only parameters of a basic group were defined to be arrays, and the number of

stages was limited to lO. This group is composed of values for the initial mass,

propellant flow rate, vacuum specific impulse, engine exit area, aerodynamic

reference area, burning time, initial integration step size, and an input iden-

tification munber. The input identification number is a provision that allows

other parameters to be loaded just prior to integration of a particular stage.

Step-Size, 0utput 3 and Te__nination Controls

Truncation error and step size are controlled by computing the relative

errors between the Runge-Kutta integration and the lower-order integration proce-

dure. If the greatest relative error between the methods is greater than a maxi-

mum limit (ERLX_), the integration step will be repeated after a smaller step

size is computed. In either case_ a new step size is computed from the relative

errors of the previous steps and is intended to result in an error that is close

to a reference value (EREF). Further_ the step size may then be reduced by the

output controls. In any case, a step can be no larger than three times the size

of the previous successful step. (See appendix D.)

9



Output is sometimes desired at specific points along the trajectory_ while
at other times this is unimportant. This option is provided for the user so tha
he may choose output to occur at equal intervals in step number or equal time
intervals (which places a constraint on the step size). Also3 he may choose to
change from one modeto another along the trajectory. These choices of output
spacing are effected through the use of the FORTRANvariables MODOUT_DELMAXs
S_EPS3 and TMiN_ which is explained under the MODOUTentry of table II_ a table
of program control parameters.

In addition to the output control discussed in the previous paragraph_ ther_
is another facility that maybe quite useful. The integration process may be
interrupted at an arbitrary point along the trajectory where the point in ques-
tion is not necessarily a specific time. For instance_ it may be desirable to
interrupt the flight at a specific altitude 3 velocity_ dynamic pressure 3 and so
forth. If the point is indeed attained along the path (it may not be)3 output
occurs3 input cards maybe read in_ and a decision is madewhether to continue
the stage_ terminate the stage_ or terminate the flight. The control of this
facility is described under the entries in table II for L00KX_XL00K_L00KSW3
SWLOOK3 and END.

Computer Output

A basic output format was programed to serve as a basis for modification
and is illustrated in table iIL It is intended that a user of the code modify
the output to suit his purpose. In addition to examining the normal output_ it
is sometimes desirable to examine the error-control data such as the relative
errors in the integration variables along the path. These data are printed as a
single block after completion of a stage if the sign of the input error refer-
ence value EREFis negative. The sign of EREFis irrelevant in the error-controZ
portion of the programj since its absolute value is taken.

Computer Input

The user has a choice of three possible sets of input data that specify po-
sition and velocity: (1) six orbital elements_ (2) three Cartesian components
of velocity and position 3 and (3) latitude3 longitude_ azimuth 3 elevation_ veloc_
ity_ altitude 3 and time.

The third set mentioned is programed for the Earth only_ where the latitude
and longitude are the geocentric latitude and longitude measured from the equatol
and Greenwich_ respectively. The azimuth angle is measured in a plane tangent tc
the sphere of radius r at the point on the sphere determined by the geocentric
latitude and longitude_ and relative to the local meridian3 positive eastward
from north. The elevation angle is then measured in a plane normal to the tan-
gent plane_ positive outward (sketch (b)). The tangent plane is taken to be
horizontal with the effects of oblateness and rotation considered if these ef-
fects are "on." If oblateness and rotation are "off#" the horizontal is perpen-
dicular to the radial direction. This input option ignores the correction be-
tween universal time and ephemeris time and between the instantaneous equator and
equinox and the meanequator and equinox of 1950.0.

l0
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/
Greenwich

/

Z

North

(b)

Long _ longitude measured from

Greenwich in Earth's

equatorial plane, posi-
tive east

Lat = latitude, measured posi-

tive north, geocentric

Azl = azimuth angle, measured

east from north from

local meridian

Elev _ elevation angle, positive
outward

Vel = vehicle's initial velocity

r = radius of vehicle from

Esrth's center

A list of input instructions is contained in appendix G along with an input
check list.

The input routine described/n_ference 8 was used because of its simplic-

itY; howeverj another input routine__may_Se-g_used if it is desired.

CODING

General

Appendix H contains the code listing of the program. A magnetic tape is

available (from Lewis) so that the code listing in printed form and/or on cards

can be reproduced. In addition# the tape contains the merged ephemeris data in
proper format for use with the code.

Some of the FORMAT statements are of the G-type. These statements will

print output in I_ E# or F format depending on the nature of the variable.

Fixed-point variables will take the I format3 while floating-point variables will

assume the F format unless the magnitude of the variable falls outside the useful

F range_ in which case the E format is used. FORTRAN facilities that do not ac-

cept the G-type format statements may easily substitute E-type formats.

A condensed description of the program supervisory control is shown in the

flow diagram of figure 2. Table IV is a map of COMMON allocation (blanks are

left for the user) and table II contains a description of the program control

parameters. The elements of the integration variable array (XPRIM) are given in

table V. The assumed values of the astronomical constants are given in table VI.

These values are consistent with those given in reference 9.

ll



Examples

Two examples of code usage are presented. The first example_ which is de-
scribed in the following paragraph3 is a problem of raising a low-altitude satel-
lite into a 24-hour orbit by using tangential, low acceleration. The other ex-
ample is a more complex problem involving a ground-launched lunar probe with a
three-stage rocket 3 which is described in appendix L Both problems were se-
lected to illustrate the usage of the program rather than to attempt a detailed
analysis of the example problem.

For Example I for low-tangential thrustj the trajectory to be determined is
that used to raise a 3850-kilogram package from an initial 300-statute-mile cir-
cular equatorial orbit to a 24-hour orbit using a 603000-watt nuclear electric
system with a specific impulse of 2540 seconds and an overall efficiency of
40 percent. The required engine parameters maybe calculated as follows:

Thrust force:

2Pwh 2 x 60_000 x 0°4
F = i---._-c ='2540 X 9.80665

= ]_.927 newtons

Initial acceleration:

F io 927

mo 5850
= So0051948X10 -¢ m/sec 2

Propellant flow rate:

__ = ! = lo 927
Ig c 2540 X 9.80665

= 7.7361935X10 -5 kg/sec

A detailed account is given in the following paragraphs for the solution of

this problem by the prescribed program. 0nly those features of the program that
have a direct bearing on this particular problem are discussed_ Additional pro-

gram features are discussed in the account of the second example problem. It ma_

prove beneficial to refer to figure 2 during these two discussions. Also 3 all
statement numbers referred to in the following text correspond to the program

listing in appendix K.

It is assumed in the program that all memory data stores are cleared (set

equal to zero) before operation begins. Control begins when the main program is
entere_ Then a set of so-called "standard data" is "initialized" by executing

SUBROUTINE STDATA_ Before initializing_ STDATA clears that area of COMMON C no

longer needed.

The next step is calling for input at statement 8. The following list of

parameters constitutes the input:

12



Parameter

Initial mass_mo_kg
Semilatus rectum_ p_ m
Specific impulsej I_ sec
Flow rat% -_ kg/sec
Time limit# sec
Initial step size3 sec
Step number limit3 steps
Frequency of output 3

steps/output

FORTRAN
name

RMASS

P

SIMP

FLOW

TB

DELT

S_EPMX •

STEPS

Value

3850
6.86X106

2540
7. 7361935X10 -5

a42590.2
al5oo
a2000

a200

aAs sumed value.

Variables such as eccentricity and mean anomaly that are initially zero are

not included in this listj since all memory data stores are initially zero.

In accordance with the input routine of reference 8j the input cards may

appear as

SDATA=I,_TABLE,B]=RPASS,TIB=P,tOB=SIMP, $$ IDENTIFICAT_()_ AND

93=FLCW,t43=LELT,?B=TR,2e=STEPMX,21=STEPS/ _$ TABLE OEFINIIION

$$

RMASS=3850,S[MP=2540,FLOW=7.7361935E-5 $$ VEHICLE MASS, ISP, MASS FL{IW

P=6.BO£&,TB=4259C.2,STEPMX=2CO0 $_ SEMILATUS-RECT_M, TIM_ LI_IT, STEP LI_[I

CELT=IBOO,STEPS=200 _$ INIfIAL STEP SIZE, OUTPUT _VZRY 2COlH STEP

where the entries between the STABLE and slash (/) reference the subsequent en-

tries to the second argument C of the calling statement. Thus_ for examplej
STEPS is equivalent to C(27)_ the 27th location from the beginning of COP_OH C,

Part ll of SUBROUTINE ORDER computes the gravitational constants _ and

_/_. Next_ SUBROD'IW_IIESTAGE is called where the stage data for the first (and

only) stage are moved into the proper stores for use in the SUBROUTINE NBODY.

The vacuum value_ PUSHO 3 for the thrust is computed 3 and then SUBROUTINE NBODY
is called to integrate the path.

The next sequence is that of integrating the first two steps. These two
steps are of equal size and are integrated before an error check is made, If the

first two steps are satisfactory (determined by statement 25)3 the remaining

steps are integrated while the relative error is being checked at the end of each

step. Parts 1 and 5 of NBODY are concerned solely with this starting phase,

Part 1 sets up the starting sequence and causes the initial conditions to appear

on the output sheet. Parts 2 to 4 accomplish the Runge-Kutta integration for a
single step.

The derivatives used in the integration are obtained from SUBROUTINE EQUATE.
The first half of this subroutine finds the Cartesian coordinates and velocities

through use of Kepler's equation. SUBROUTINE THRUST is called to determine the

components of the thrust acceleration in the Cartesian coordinate system. (After

13



control is returned to SUBROUTINEEQUATE:the thrust acceleration is resolved
into circumferential: radial: and normal components.) Finally, the derivatives
of the orbit elements are calculated: and a return is madeto NBODY.

After the Runge-Kutta integration is performed, the error check is madein
part 5B (part 6 after the starting sequence) by computing the difference between
the Runge-Kutta integration and the low-order integration. SUBROUTINEERRORZis
called to determine the largest of the relative errors. If the largest of the
relative errors is greater than the limit value: ERLIMT(set in STDATA)_part 8:
which computes a smaller step slze for the same interval, is entered and control
is returned to part h If the greatest relative error is smaller than the limit
value: part 7: which advances the variables of integration, is entered and calls
SUBROUTINESTEPto compute the next step size and print out the variables of the
first step. Part 7 also counts the revolutions past the x-axls and adjusts the
argument of pericenter and meananomaly to within _+_ to retain accuracy in the
sine-cosine routines. If the step size exceeds 1/2 revolution, the revolution
count maybe short by an integral number. Control is finally transferred to
part 1 to begin computation of the nex+_step.

The problem is terminated when the time limit TB is reached. This check is
done in SUBROUTINESTEP. Had the problem exceeded the step number limit STEPMX:
it would have terminated at that point. In either case, control is returned to
the maln program to begin the next problem. Whenno data for another problem
are given, the execution is terminated (i. e.: control is returned to the monitor
by SUBROUTINEINPUTas a result of an end-of-file on tape 7). The output of the
last step is

STEP= 822. + 46.
TIME= 42590.200
JDAY= 2440000.4927

ALFA= 0

ECCENIRICIrY= 2.3743975BE-04 CMEGA= 1.57424484

SEMILATUS R.= 6898546.50 [RU A= 1.571C7785

MEAN ANOMALY= 1.5(060298 NODE= 0

PATH ANGLE= 1.36042929E-02 INCL= 0

V= 7601.36401

VX: 26.5485928

VY=-7601.31(69

VZ=-O

R= 6898546.94

X=-6898498.8I

Y=-26731.9050

Z=-O

REFER=EARTH ORBI[

KMASS= 384b.7Sbll

REVS.= 7.50059_60

DELT= 312.13916J

The time histories of several trajectory parameters for this example are

shown as solid lines in figure 5. The oscillations of the eccentricity and mean

anomaly cause a rather small step size: as noted in the figure. To indicate how

exercising care in selecting the input can increase the computational efficiency,

the same problem may again be run with the following initial values (according

to ref. 10) of eccentricity and mean anomaly:

NO = x _ 3e 02
eoVo
2Ig c



The input cards for this case make use of the algebraic properties of the input

routine to compute the desired value of these parameters. The cards are

$OATA=1,_TABLE,83=RMASS,7£B=P,IO3=SIMP, _$ IOE_TIFICATI()k AND
93=FLOW,14)=CELI,73=T_,2b=STEPMX,27=STEPS/ $$ rA6LE DEFINITION

$$

RMASS=3850,SIMP=2540,FLOW=7.7361935E-5 $$ VEHICLE MASS, ISP, MASS FLOW
P=6.86E6,rR=4259C.2,STEPMX=2CO0 $$ SEMILATUS-RECrUM, TIME LI_IT, STEP LIMII
5ELI=I500,STEPS=200 $$ INITIAL STEP SIZE, OUTPUT EVERY 20CTH STEP

STABLE,713=E,717=MA,714=OMEGAI E=2*5.0051948E-4*P*P/).983667EI45_ £CCENT_ICI[Y
MA=-Y620.429ISIMpIg. BO665-6.E÷3.1415926/2,STEPS=5 $$ MEAN ANOMALY,OUTPUT CONIRUL
CMEGA=-2*E-MA $_ ADJUST OMEGA (TO START PAIH CN THE X-AXIS)

The dashed lines in figure 3 show the time histories of the same trajectory

parameters when initial values of e and M given immediately preceding are

used. The increase in average step size is 15 to 1. To compare the accuracy of

this approximation with the exact case (e0 = M0 = 0) 3 the final time was chosen

when the corresponding orbit positions were identical (when the true anomalies

were equal). At t = 423590.2 seconds 3 the orbit positions are nearly identical 3

and, at this time3 the values of position and velocity may be compared as fol-

lows:

Radius 3 m

Velocityj m/sec

Number of steps

Case A: Case B:

e0 =M 0 = 0 e0 and M0 _ 0

6898546.94

7601.36401

822

68985_6.9_

7601.36407

55

For most purposes the two answers would be accepted as equivalent 3 and

case B would be preferred because less computer time is require_

Lewis Research Center

National Aeronautics and Space Administration

Cleveland_ Ohio 3 July 123 1963
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APPENDIX A

A

ai_j

CD

CD#i

CD, O

CL -

D

E

e

F

fl, f2

gc

H

h

I

i

J

k2

L

M

m
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SYMBOLS

V' (appendix B)relative angular momentum per unit mass_ r X

engine exit area, m2

coefficients for quadratic functions

total drag coefficient

induced drag coefficient

zero angle-of-attack drag,coefficient

llft coefficient

drag force, newtons

fourth harmonic coefficient in oblateness equations

eccentric anomaly, radians

eccentricity

thrust force, newtons

functions of Mach number

gravitational conversion factor, 9.80665 m/sec 2 (sometimes referred to

as standard Earth gravity)

third harmonic coefficient in oblateness equations

altitude above Earth's surface_ m

vacuum specific impulse_ sec

orbit inclination to mean equator of 1950.03 radians

second harmonic coefficient in oblateness equations

universal gravitational constant, 1.32_52159X1020,

mS/(sec2)(sun mass units)

lift force3 newtons

mean anomaly, radians

object massj kg



mi

m r

P

P

Pw

P

q

Rr

r

ri

S

T

t

U

g

V _

V

X

x, Y3Z

c_

7]

mass of ith perturbating body _ sun mass units

mass of reference body plus m_ sun mass units

Mach number

atmospheric pressure, newtons/m 2

V' × A (appendix B)

power, w

semilatus rectum, m --

i 2 newtons/m 2dynamic pressure_ _ D(V') •

radius of reference body, m

radius from origin to object, m

radius from origin to ith perturbating body• m

aerodynamic reference area, m2

temperature 3 OK

time, sec

gravitational potential

x,y_z accelerations due to gravity_ m/sec 2

absolute velocity, m/sec

relative velocity 3 m/sec

true anomaly_ radians

forces acting on object other than gravity3 thrust_ lift 3 drag, and
perturbations due to perturbating bodies

components of r3 m

angle between thrust and velocity vectors (sketch (a))• deg

angle of rotation of thrust out of orbit plane (sketch (a))_ deg

power efficiency factor

k2mr

atmospheric density, kg/m 3

17



argument of pericenter3 radians

equatorial longitude of ascending nodej radians

Subscript:

0 initial value

18



APPENDIXB

VECTORRESOLUTION

Relative Velocity

The relative velocity is defined as the velocity of the object with respect
to the origin body. If the origin body is assumedto rotate about the z-axis_
this velocity is given by

(B1)

In x, y3z component form3

V' = V, + W (Bga)
x .X

V_ = Vy - az_ (BZb)

V_. = Vz (B2c)

In the following sections# the atmosphere of the origin body is assumed to ro-
tate as a solid body at the rate

Thrust Resolution Along xjy3z Axes

_he thrust direction is specified with respect to the relative velocity vec-
tor V' by the angles _ and _ as shown in sketch (a) (p. 4)° For resolution

of thxust vector into x_y,z compo_e_ts_ it is convenient to define vectors A

and P normal to and within the r_V' plane 3 respectively 3 such that
P form an orthogonal set. Thus_

A -= r x 7' -- relative angular momentum per unit mass

V' 3 A, and

(B3)

P=V' XA (B4)

The thrust vector can then be resolved in. the 7',_,P set as:

• V' cos

--_ -+

F • A = FA sin _ sin

F • P = FP sin _ cos

(B5a)

( Sb)

Solving for _ yields

F (V' cos c _ X P + A sin _ sin _ P X V' + P sin _ cos 6 P)
= p2

(B6)

19



or3 in x3y_z component form_

Fx = _F IV, cos c_(AyPz - AzPy) + A sin _ sin _(PyV_. PzV_) + P sin c_cos _ Px]

(B_a

F [ _(AzPx A sin _ _(PzV_ PxV_) + P sin _ cos _ Py]
Fy :"7 V' cos - AxPz) + sin -

(B7bl

F

= _ [V' cos _(AxPy - AyP x) + A sin _ sin _(PxV_ - PyV_) + P sin _ cos _ Pz]Fz

(BVc

Aerodynamic Lift and Drag Resolution Along xjy3z Axes

The drag vector D is alined with the relative velocity vector 7'

therefore given in x3y3z components as

The lift vector

fined orthogonal set

and is

, v_ (B6v_ v_ D--
D = -D _T - D V' - V'

ma_y be regolved into components along the previously de
'3 A_ and P by the following relations.

L " V' = 0 (Bga

L • A = LA sin _ (B9b

_. _ = LP cos _ (Bgo

Solving for L yields

L (Asin_×V' +P cos _ _) (BIC

or, in x_y3z component form_

L

Lx=7 [Asin_(PyV_-PzV_)+P co__P_J (Blla

L

"7 [Asin_(PzV_-PxV_)+P cos_P_3 (Bllb

_'[Asin_(P_v9-Pyre)+P cos_P_]
Lz - p2

(BIIc

2O



APPENDIXC

TRANSFORMATIONEQUATIONSFROMORBITELEMENTS

TO RECTANGULARCOORDINATES

__Orbit

__ _ plane

/__// \ 0bJect

__t
orial

plane

(c)

From spherical trigonometry used in reference to the celestial sphere shown

in sketch (c), the following relations may be derived for the position coordi-
nates:

x = r(cos 2 cos u - sin _ sin u cos i) (Cla)

y = r(sin 2 cos u + cos _ sin u cos i) (Clb)

z = r(sin u sin i) (Clc)

where

(C_a)
r = 1 4- e COS V

u _ _ + v (C2b)

and v can be obtained from

cos E - e (C2c)
cos v = i - e cos E

and

M = E - e sin E (C2d)

The velocity components may be obtained by differentiating the position equations

using the two-body relations d = V = _/_ and _ = ._--_e sin v:
r2 Tp

21



where

_ - _ (N cos i sin 2 + Q cos 2)

_ _ (N cos i cos 2 - Q sin 2)

_ _ (g sin i)

N _. e cos (o+ cos u

Q _ e sin _ + sin u

(C3a)

(C3b)

(C3c)

(c a)

(C b)
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APPENDIXD

RUNGE-KVI_AANDLOW-0RDERINTEGRATION

SCHEMESWITHERRORCONTROL

The Runge-Kutta formula used is of fourth-order accuracy in step size h.
It is of the form

X]2 1l-X2-Xl-_(kl+2k2 +2_3+k4)
(DI)

where

X = a dependent variable

(]2 = increment in the dependent variable
i

h2 = increment in the independent variable t

kI = h2_2(tl,X I)

k2 = h2][2 tI +-_, XI +

k3 -- h2:_2 tl + "7-' Xl ÷ -7"

k4 = h2_2(t I + h2, XI + k3)

A lower-order formula may be found by utilizing the three derivatives at

t = to, tl_ and t2. If hI = tI - tO and h2 = t2 - tl3 the following Lagran-

gian interpolation formula gives the derivative at any time tO S t S t2:

(t - tl)(t - t2) (t - to)(t - t2)

- _o hl(hl+ h2) - _i hlh2 + _2
(t - t0)(t - tl)

h2(h I + h2)

(D2)

Integration of this equation from tI to t2 yields

1 F: h2_2/--h2 "_" h2 (h h2 '_"
. [\ + + +-%

(D3)

23



The difference in the increments over the interval h2 between the Runge-Kutta
schemeand the low-order schememaybe divided by a nominal value of the depend-
ent variable X to obtain the relative error 82. Thus3

52 = n

X
(DA)

The error is expected to vary as approximately the fifth power of
leads to

(where

where

h_ which

s = Ah5

A is a suitable coefficient) or in the logarithmic form

Let it be assumed that

tion. Then A'

previous points

and if h3 = (t3 - t2)

log 5 = A' + 5 log h

A' = log A

A' will vary linearly with

at a time corresponding to t3 can be found from

tI and t2 as

(DSb)

(D6a)

t_ the variable of integra-
A' at two

A_ = A{ + t2 - tl (t3 - t2) (D6b)

and h2 = (t2 - tl) ,

h5

= + -.A.i)

and on this basis

It is desired that 85

53 would be predicted to be

(D6c)

log 83 = A_ + 5 log h3 (D7)

should approximate E_ the reference error} therefore_

i
log h3 _ _ (log _ - A_) (D8)

Each dependent variable has an associated relative error and would lead to com-

putation of a different step size for each variable_ however_ the maximum rela-

ti,ze error of all variables may be selected for 8o 0bviously_ inaccurate pre-

dictions of step size can occur when the maximum relative error shifts from one

variable to another or when any sudden change occurs. When a step size produces

&



an excessively large error (8 > 5limit) 3 a reduced step size must be used.
may be obtained from the reference error _ as

It

h3--exp[ 1 (log_- A_I. (D9)

Startin6 the inte6ration. - The Runge-Kutta scheme is simple to start, since

integration from Xn to Xn+ 1 requires no knowledge of X less than Xn.

Since the error control coefficient A has no value at t = O, a prediction of

the _second step size is difficult. To overcome this diffieulty, two equal size

first steps._ay be made before checking the error. The A for the first step

may be arbitrarily set equal to the A for the second step so that h3 may be

predicted. The low-order integration scheme equation in this case becomes, with

h2 = hl,

2

1

Failures. - Should two consecutive predictions of the same step fail to

produce an error 8 less than 81imitJ a return to the starting procedure will

be made with a third prediction on step size_ which is no larger than one-half

of the second estimate. The step-size control described here will operate stably

with nearly constant error per step only for a well-behaved function. Formost

problems it will repeat a step occasionally to reduce a large error, and on sharp
corners it will restart. This action is not regarded as objectionable. The ob-

jective is to attain a desired level of accuracy with a minimum total number of

steps.
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VARIABLE

A (700)

A1

A2

ACOEF1

ACOEF2

ACOEF3

AEXITI (10)

AEXIT

AK (3)

ALPHA

ALT

AM

AMASE (301

AMC 13)

AMSQRD

AREAl 110)

AREA

ASYMPT

ATMN

AU

AW 16)

AZI

COMMON
LOCATION

Clll)

S(lO)

B(11)

B(12}

BII3)

B(14)

A([03)

B(3)

AI51)

A(49)

AIA)

B(90)

A(367)

B(87)

BIg1)

AIII3)

B(6)

A(7)

A(21)

A129)

A(55)

4135)

APPENDIX E

GLOSSARY OF VARIABLES

DEFINITION

ARRAY CONTAINING THE INITIAL DATA AND THE PROGRAM
CONTROL VARIABLES

ERROR CONTROL PARAMETER DEFINED BY EQ. (06A) AT T(Z)

ERROR CONTROL PARAMETER DEFINED BY EQ. (DBA) AT T(2)

INTERPOLATION POLYNOMIAL COEFFICIENT FOR VARIABLE
STEP SIZE, EQ. (D3)

INTERPOLATION POLYNOMIAL COEFFICIENT FOR VARIABLE
STEP SIZE, EQ. IO3)

INTERPOLATION POLYNOMIAL COEFFICIENT FOR VARIABLE
STEP SIZE, EQ. (O3)

ENGINE EXIT AREAS FOR AT MOST [0 STAGES, M**2

AEXITI(NSTAGE)

RUNGE KUTTA COEFFICIENTStSET IN STDATA

ANGLE BETWEEN VELOCITY AND THRUST VECTORSfSEE SKETCH

iA)

VEHICLE ALTITUDE ABOVE EARTH, M

TOTAL VEHICLE ANGULAR MOMENTUM PER UNIT MASS, Mr*2/

SEC

PERMANENT LIST OF BODY MASSES IN ORDER OF PNAME LIST,
SET IN STDATA,MASSES FROM ELIPS DATA BEGIN AT AMASS

{21), SUN MASS UNITS

X,Y,Z COMPONENTS OF ANGULAR MOMENTUM PER UNIT MASS,

**2)/SEC

SQUARE OF TOTAL ANGULAR MOMENTUM PER UNIT MASS,M**4/

SEC**_

AERODYNAMIC REFERENCE AREAS FOR AT MOST 10 STAGES,
M**2

AREAI(NSTAGE)

SEE TABLE II

SEE TABLE IX

ASTRONOMICAL UNIT,M

RUNGE KUTTA COEFFICIENTS,SET IN STDATA

INITIAL AZIMUTH ANGLE,USED WHEN IMODE = 4, SEE SKETCH

(B),DEGREES
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8 (800)

BETA

BMAS$ (8)

BNAME (8)

BODYCD (10)

8ODYL {10)

CD

CDI

CHAMP

CINCL

CIRCUM

CL

CLEAR

COEFN (192)

COMPA (3)

CONSU

CONSTU

COSALF

COSBET

COSTRU

COSY

O (1100)

DELMAX

DEL

DELTI (lO)

DELT

DNSITY

DONE

C(llll)

A(50)

B(X3T)

B(L22)

A(1_3)

B(153)

A(165)

All63)

8(25)

A(166)

C13)

A(_07)

Bib3)

A(3I)

A(32)

B(48)

B(_9)

B(53)

B(57)

C(2III)

A(t9)

A(_3)

A(133)

B(I)

B(29)

B(39)

ARRAY CONTAINING INTERNAL PARAMETERS NOT UNDER USER
CONTROL

ANGLE BETWEEN VELOCITY-THRUST PLANE AND ORBIT PLANEt
SEE SKETCH(A)

BODY MASSES SELECTED FROM AMASS LIST IN SEQUENCE COR-

RESPONDING TO BNAME LIST

ORDERED LIST OF BCD BODY NAMES

ORIGINAL UNORDERED LIST OF BCD BODY NAMES READ IN AT

INPUT

AUXILIARY ORDERED LIST OF BCD BODY NAMES

TOTAL DRAG COEFFICIENT

INDUCED DRAG COEFFICIENT

SMALLEST CRITICAL RADIUS (RBCRIT(J)) WITHIN WHICH
OBJECT LIES

COSINE OF INCLINATION

CIRCUMFERENTIAL COMPONENT OF TOTAL PERTURBATIVE AC-
CELERATION_M/SEC**2

LIFT COEFFICIENT

SEE TABLE II

STORAGE ARRAY FOR COEFFICIENTS USED TO COMPUTE ALPHA_

CL,CDI,CD OR OTHER PARAMETERS

COMPONENTS OF TOTAL PERTURBATIVE ACCELERATION ALONG X

pYtZ AXES.

SEE TABLE II

SEE TABLE II

COSINE OF ALPHA

COSINE OF BETA

COSINE OF TRU

COSINE OF THE ARGUMENT OF LATITUDE

ARRAY WHERE SAVED DATA IS STORED FOR LATER USE.
ARRAYS A_XPRIMjAND XPRIMB MAY BE SAVED.

SEE TABLE II

OUTPUT CONTROL PARAMETER USED IN STEP

INITIAL STEP SIZES FOR AT MOST 10 STAGEStSEC

DELTI(NSTAGE)

ATMOSPHERIC DENSITYtKG/M**3

CONTROL PARAMETER FROM STEP WHICH INFORMS NBODY TO
STOP INTEGRATING

2?



DRAG(3) B(69) X,Y,Z COMPONENTS OF THE DRAG ACCELERATION,M/SEC''2

DTOFFJ

E2

EFMRS (7)

ELEV

ELIPS ([2,10)

EMONE

END

EPAR

EREF

ERLIMT

ERLOG

ETOL

EXITA

EXMODE

FILE

FLOW1 (10)

FLOW

FORCE (3)

GASFAC

GEOH

GK2M

GKM

H2

i80DY (8)

ICe liD)

]DENT (10)

IMODE

IND (3)

tNDERR

28

A(23)

B(18}

8(130)

A(36)

A1167)

8(28)

A(5)

8(26)

A(13)

A(£4)

8(£7}

A(30)

8(392}

B(27)

8(22)

A(83)

6(5)

8(66)

A(661

B(32)

B136)

B(37)

B(15)

B(X77)

A(153)

A(123)

A(I)

AI60)

B(51)

JULIAN DATE OF TAKEOFF

LARGEST OF THE RELATIVE ERRORS BETWEEN R-K AND LOW-
ORDER INTEGRATION METHODStEQ, (04)

LIST OF BCD BODY NAMES WHOSE POSITIONS ARE TO BE DE-
TERMINED FROM TAPE DATA

INITIAL ELEVATION ANGLE,USED WHEN IMODE=4, SKETCH(B),

DEGREES

ELLIPSE DATA FOR PERTURBATING BODIESwREAD FROM CARDS[

|2 PIECES OF DATA PER BODY

ECCENTRICITY -1

SEE TABLE II

SQUARE ROOT OF (ECCENTRICITY SQUARED -I)

SEE TABLE IX

SEE TABLE IT

NATURAL LOGARITHM OF EREF

SEE TABLE II

AEXIT(NSTAGE)/[O0, NEWTONSIMB

ECCENTRICITY CALCULATED WHEN IMODE=3

SEE TABLE II

RATE OF PROPELLENT FLOW, KG/SEC

FLOWI(NSTAGE)

X,YtZ COMPONENTS OF THRUST ACCELERATION, M/SEC**2

DEFINED IN SUBROUTINE AERO, SET IN STDATA

GEOPOTENTIALt M

GRAVITATIONAL CONSTANT,MUtOF THE SYSTEM,Mt*3/SECi*2

SQUARE ROOT OF GK2M

VALUE OF DELT FOR PREVIOUS STEP

DEFINED IN SUBROUTINE ORDER

SEE TABLE IT

INPUT IDENTIFICATION NUMBERS ASSOCIATED WITH EACH

STAGE

SEE TABLE II

SET OF INDICES[ SET IN STDATA

NUMBER OF SETS OF ERROR DATA_ SET IN ERRDRZ FOR USE

IN NBDDY



INLOOK

KSUB

EAT

LONG

LOOKX

LOOKSW

LSTAGE

MBODYS

MODOUT

NBODYS

NCASES

NCASE

NEFNRS (8)

NED

NSAVE

NSTAGE

NSTART

OBLATJ

OBLATD

OBLATH

OBLATN

OBLAT (3)

OLDDEL

ORBELS (6)

OUTPOT

P (3)

A1599)

BIT9)

A(33)

A(34)

A|8)

A(9)

A(38)

B(_2)

A(20)

BI_I)

AIBOO)

C(L)

Bit85)

A(Z)

C(_)

A(3)

B(26)

A(26)

A(27)

A(28)

A(40)

8(75)

BIg)

B(£16)

8(399)

B(86)

INPUT IDENTIFICATION NUMBER FOR INPUT AFTER FINDING C
(LOOKX) = XLOOK

INDEX OF RUNGE-KUTTA SUBINTERVALS

INITIAL GEOCENTRIC LATITUDE, USED WHEN IMODE=4,SKETCH
(B), DEGREES

INITIAL LONGITUDE RELATIVE TO GREENWICH, USED WHEN
IMODE=4, SKETCH(B), DEGREES

SEE TABLE II

SEE TABLE IT

TOTAL NUMBER OF STAGES INTEGRATED BEFORE RETURNING TO
THE MAIN PROGRAM

NUMBER OF PERTURBATING BODIES (NBODYS-I)

SEE TABLE II

TOTAL NUMBER OF BODIES, EXCLUDING THE VEHICLE

SAVED VALUE OF NCASE

CASE NUMBER, RAISED ONCE EACH TIME CONTROL PASSES
THROUGH THE MAIN PROGRAM

DEFINED IN SUBROUTINE ORDER

NUMBER OF EQUATIONS TO BE INTEGRATED_ SET TO 8 IN
STDATA

SEE TABLE IT

THE INDEX INDICATING THE PARTICULAR STAGE CURRENTLY

BEING INTEGRATED

INTERNAL CONTROL IN NBODY AND EQUATE

OBLATENESS COEFFICIENT OF SECOND HARMONIC

OBLATENESS COEFFICIENT OF FOURTH HARMONIC

OBLATENESS COEFFICIENT OF THIRD HARMONIC

SEE TABLE II

X,Y,Z COMPONENTS OF OBLATENESS ACCELERATION, M/SEC**2

VALUE OF DELT FOR PREVIOUS GOOD STEP

ARRAY OF OUTPUT VARIABLES,EITHER RECTANGULAR OR ORBIT
ELEMENTS

CAUSES ABSENCE OF OUTPUT WHEN NONZERO

DEFINED IN EQ. (B4)
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PAR |3)

PMAGN

PNAME (30)

PRESS

PSI

PSIR

PUSH

PUSHO

Q

QMAX

QX |3)

R (8]

RADIAL

RAMC (5l

RATM

RATMOS

RATIO

RB (3t8)

RBCRIT (8)

RCRIT (30)

RE

RECALL

REFER (301

RESQRD

RETURN

30

B(AO)

B(50)

A(287!

B(33)

B(3O)

BIJ98)

A(166)

BI39L)

B(59)

8(44)

B(7B)

B( tO2 )

B(8I)

8(393I

A(22)

8(23)

8(58)

6(t93)

B(L_5)

A(377)

A(25)

C(5)

A(317)

B(7)

8(600}

DEFINED BY EQUATIONS IN SUBROUTINE THRUST

OEFINEO IN EQUATION FORM BY SUBROUTINE THRUST

PERMANENT LIST OF BODY NAMES MADE FROM PNAA LIST IN
SUBROUTINE ORDER, ELIPS NAMES BEGIN AT PNAME(2[)

ATMOSPHERIC PRESSUREt MB

PATH ANGLE_ ANGLE BETWEEN PATH AND LOCAL HORIZONTALt
DEGREES

RELATIVE PATH ANGLEr TAKEN RELATIVE TO A ROTATING
ORIGIN BODY_ DEG

THRUST FORCE_ NEWTONS

VACUUM THRUST FORCE_ NEWTONS

DYNAMIC PRESSURE_ NEWTONS/N**2

MAXIMUM VALUE OF q DEVELOPED DURING A SINGLE TRAJEC-
TORY (SET TO ZERO WHEN CONTROL PASSES THROUGH SUB-
ROUTINE EXTRA|

X=YtZ COMPONENTS OF PERTURBATIVE ACCELERATIUN DUE TO
PERTURBATING BOOIESp M/SEC**2

DISTANCES OF ALL BODIES FROM OBJECT( IN ORDER OF
BNAME LISTp M

RADIAL COMPONENT OF TOTAL PERTURBATIVE ACCELERATIONw
POSITIVE OUTWARDt M/SEC'*2

RELATIVE ANGULAR MOMENTUM PER UNIT MAS_ COMPDNENTS_
TOTAL RELATIVE ANGULAR MOMENTUM PER UNIT MASS_ AND

ITS SQUAREr Mt*E/SEC

RADIUS OF ATMOSPHERE_M

SET EQUAL TD RATM WHEN ATMN EQUALS THE REFERENCE BODY
NAMEr 6NAME{I)

RATIO OF ADJACENT STEP SIZESt DELT

XtY_Z COMPONENTS OF DISTANCE FROM ALL BODIES TO THE
OBJECTtM

LIST OF SPHERE-OF-INFLUENCE RADII OF ALL BODIES IN

BNAME LISTt M

PERMANENT LIST OF SPHERE-OF-INFLUENCE _,ADII CORRES-
PONDING TO PNAME LIST OF BODY NAMES. RADII FROM ELIPS
DATA BEGIN AT RCRIT(ZX)_ N

RADIUS OF EARTH EQUATOR_ M

SEE TABLE II

LiST OF REFERENCE BODIES CORRESPONDING TO PNAME LISTt
REFERENCE BODIES FROM ELIPS DATA BEGIN AT REFER(2II

SQUARE OF RE

CAUSES CONTROL NOT TO RETURN TO MAIN PROG. IF NONZERO



REVS

REVOLV

RMASSI 110)

ROTATE

RSQRD

SIGNAL

SIMPI [I0)

SIMP

SINALF

SINBET

SINTRU

SINCL

SINV

SPACES

SPD

SQRDK[

SQRDK

STEPNX

STEP6

STEP60

$TEPNO

SWLODK

TABLT

TABLE (200)

TAPE3

TB IlO)

A(48)

B(21)

A(73)

A139)

B(45)

B(3[)

A193)

B(2)

B(46)

B(47)

B(52)

BIS4)

B156)

Bll6)

A146)

A{47)

B(35)

ALL6)

AIL7)

AI4I)

A(_2)

A(LO)

Bl20)

C(191l)

CI2)

A(63)

REVOLUTION COUNTER, USED ONLY FOR OUTPUT

ROTATION RATE OF REFERENCE BODY WHEN ATMN=BNAME(I),

RAD/SEC

INITIAL MASSES FOR AT MOST 10 STAGES,KG

ROTATION RATE OF A REFERENCE BODY, RAD/SEC

RADIUS SQUARED OF OBJECT TO ORIGIN, M**2

SEE TABLE II

SPECIFIC IMPULSES FOR AT MOST 10 STAGES, SEC

SIMPL(NSTAGE)

SINE OF ALPHA

SINE OF BETA

SINE OF TRU

SINE OF INCLINATION

SINE OF THE ARGUMENT OF LATITUDE

NUMBER OF EQUAL TIME UNITS UNTIL NEXT OUTPUT

SECONDS PER DAY, SET IN STDATA, SEC/DAY

GRAVITATIONAL CONSTANT OF THE SUN, AU**3/DAY**2

GRAVITATIONAL CONSTANT OF THE SUN, M**3/SEC**2

SEE TABLE II

SEE TABLE II

COUNT OF SUCCESSFUL INTEGRATION STEPS

COUNT OF UNSUCCESSFUL INTEGRATION STEPS {THOSE WHICH

DO NOT PASS ERROR CONTROL TEST)

SEE TABLE II

TIME MEASURED RELATIVE TO THE JULIAN DATE OF TAKEOFF,
DAYS

ARRAY OF INPUT PARAMETERS AND THEIR COMMON STORE LO-

CATIONS

SEE TABLE II

FLIGHT TIMES FOR AT MOST 10 STAGES, SEC
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TDATA (6t3p7)

TDEL 17|

TFILE

TIM (7)

TKICK

TM

THAI

THIN

TOFFT

TRSFER

TRU

TTEST

TTOL

U

V

VATH (3]

VEFH (3,8)

VEL

VHACH

VQ

VQSQRD

VSQRD

VX

VY

YZ

X l£00)

XDOT (lO0)

B[265)

B(£70)

A(b)

B(163)

A(15I

B(_4)

B(4)

A|I8)

AI26)

BI8)

B(_O)

AI_41

A145)

A(59)

B(95)

B(97l

B(241)

A(37)

B(38)

SilO0)

8(iOI)

B[96I

B(92)

BI93I

B[94)

B(4Ol)

B(SOl)

COEFFICIENTS FROM EPHEHERIDES TAPE TO BE USED IN DE-
TERMINING POSITIONS AND POSSIBLY VELOCITIES OF PER-
TURBATING BODIESt ONE SET FOR EACH OF 7 BODIES

ONE-HALF OF TIME SPACING BETWEEN TWO ADJACENT ENTRIES
OF LIKE BODY NAME ON EPHEMERIDES TAPEr READ FROM
TAPE FOR EACH BODY

SEE TABLE II

TIME FOR SET OF EPHEMERIS DATA_ READ FROM EPHENERIDES
TAPE_ ONE FOR EACH BODY

INITIAL STEP SIZE OF A TRAJECTORY TO BE COMPUTED IN
CLOSED-FORM, FOR USE WHEN IMODE=4t WHICH FACILITATES
STARTING OF SOME TYPES OF TRAJECTORIES

ATMOSPHERIC TEMPERATURE TIMES THE RATIO OF MOLECULAR
TO ACTUAL MOLECULAR WEIGHT_ DEGREES KELVIN

SEE TABLE II

SEE TABLE II

FRACTIONAL PART OF JULIAN DATE OF TAKEOFFt DAYS

SEE TABLE II

TRUE ANONALYt RAD

SEE TABLE II

TIME TOLERANCE WITHIN WHICH PROBLEM TIME MINUS THAI
MUST LIE TO END STAGE

ECCENTRIC ANOMALYt RAD

VELOCITY OF OBJECT RELATIVE TO THE ORIGINt H/SEC

XtYtZ COMPONENTS OF THE RELATIVE VELOCITY_ VQtM/SEC

X_Y_Z COMPONENTS OF OBJECT VELOCITY RELATIVE TO ALL
BODIESt M/SEC

INITIAL RELATIVE VELOCITYt USED WHEN IMOOE=4t SKETCH

(B), M/SEC

MACH NUMBER OF OBJECT

VELOCITY OF OBJECT RELATIVE TO ATMOSPHERE_ M/SEC

SQUARE OF VQt M**2/SEC**2

SQUARE OF V_ M**2/SEC**2

X COMPONENT OF VELOCITYt M/SEC

Y COMPONENT OF VELOCITY_ M/SEC

Z COMPONENT OF VELOCITY, H/SEE

WORKING SET OF INTEGRATION VARIABLES

TIME DERIVATIVES OF THE SET X
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XIFT (3) B(72!

XINC (100) B(60I|

XLOOK A(12I

XP (3,8) B(217)

XPRIN 1100,2) C(TII)

XPRINfi (100,2| C(911|

XTOL A(II|

XWHOLE (6) B{I1O|

ZN B(43l

ZORMAL B(83}

X,YIZ COMPONENTS OF LIFT ACCELERATION, M/SEC**2

INCREMENTS OF THE INTEGRATION VARIABLES PER STEP

SEE TABLE II

XtYtZ COMPONENTS OF PERTURBATING BODY POSITIONS RELA-
TIVE TO ORIGIN

TWO IO0-ELEMENT SETSp THE FIRST SET CD',ITAINS VALUES
OF THE INTEGRATION VARIABLES AT THE PREVIOUS GOOD
STEP,THE SECOND SET IS UNDER THE INTEGRATION PROCESSt
SEE TABLE V

LEAST SIGNIFICANT HALF OF DOUBLE PRECISION INTEGRA-
TION VARIABLES XPRIM

TOLERANCE ON THE DISCIMINATION C{LOOKX)-XLOOK TO BE
SATISFIED

RECTANGULAR COORDINATES AND VELOCITIES, SET ASIDE FOR
USE IN ORIGIN TRANSLATIONS

MEAN ANGULAR MOTION OF OBJECT, RAD/SEC

Z COMPONENT OF TOTAL PERTURBATIVE ACCELERATION,

M/SEC**2
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APPENDIXF

LEWISRESEARCHCENTEREPHEMERIS

General Description

The ephemeris data initially available on magnetic tape were from the Themis
code prepared by the Livermore Laborato_j_ evidently from U.S. Naval Observatory
data. Later_ an ephemeris was obtained from the Jet Propulsion Laboratory assem-
bled as a joint project of the Jet Propulsion Laboratory and the Space Technology
Laborato_j. These data are given relative to the meanvernal equinox and equator
of 1950.0 and are tabulated with ephemeris time as the argument.

An ephemeris was desired for certain uses in connection with the IBM 7090
computer that would be shorter than the original ephemeris tapes mentioned and
would be as accurate as possible consistent with the length. A short investiga-
tion of the various possibilities led to adoption of fitted equations. In par-
ticular_ fifth-order polynomials were simultaneously fitted to the position and
velocities of a body at three points. This procedure provides continuity of po-
sition and velocity from one fit to the next 3 because the exterior points are
commonto adjacent fits. Polynomials were selected rather than another type of
function, because they are easy to evaluate. Three separate polynomials are used
for the x_ yj and z coordinates_ respectively.

Procedure Used to Fit Data

The process of computing the fitting equations is as follows:

(1) A group of 50 sets of the componentsof planetary position was read
into the machine memoryfor a single planet together with differences as they
existed on the original magnetic tape. The differences were verified by compu-
tation (in double precision because somedata required it)_ and any errors were
investigated_ corrected_ and verified. Published ephemeris data were adequate
to correct all errors found.

(2) The componentsof velocity Vx3 Vy, and vz were computed and stored
in the memoryfor each of the 50 positions by meansof a numerical differentia-
tion formula using ninth differences} namely,

ZkIII_I + 2_I!l+l
i

12 60
(TI - T.1) [|AT-1

+ AI+l

= 2
t

AV_ i + AV+!
+

AVI!_ I + AVII+!

28O
(F1)

(See ref. i!, pp. 42 and 99 for notation.) Double-precision arithmetic was used

for differences_ but velocities were tabulated with single precision.
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(3) Coefficients C3 D, E_ and F in the fifth-order polynomial

x--xo + _o(T- To) + c(T- To)2+ D(T- To)3 + E(T - To)4 + F(T - T0 )5 (F2)

and its derivative

= %o + 2C(T- To) + 3D(T- TO)2 + 4E(T- T0)3+ SF(T- TO)4 (F3)

were found to fit a first point (which was far enough from the beginning point

to have all differences computed) and two equally spaced points for each compo-

nent of position and velocity. (The initial spacing is not important, as will be

seen later.) Spacing is defined as the number of original data points fitted by

one equation. Sing!e-precision arithmetic was used_

(4) The coefficients C_ D 3 E, and F in step (3) were then used in equa-

tions (F2) and (F3) to calculate components of all positions and velocities given

in the original data and lying within the interval fitted. These values were

checked with the original data. Radius R and velocity V were computed at the

times tabulated in the original data. If any component of the position differed

from the original data by more than RXI0 -7 or if any velocity differed from the

original by more than V><I0-6, the fit was considered unsatisfactory.

(5) If the fit was considered unsatisfactory, this fact was recorded, and

the spacing was reduced by two data points. Steps 2 to 4 were then repeated. If

the fit was considered satisfactory# this fact was recorded, and the spacing was

increased by two spaces. Steps 2 to 4 were repeated. The largest satisfactory

fit was identified when a certain spacing was satisfactory and the next larger

fit was not satisfactory.

(6) The coefficients that corresponded to the largest satisfactory fit were

recorded on tape in binary mode as follows:

Data
Planet name

if Julian date

Delta T

Fx
Ex

Cx

x

I0 Fy
Ii E_.

n N
13 Cy
14 y

15 y

18 _z

17 DZ
18 z

19 C z
2O

Mode Definitions and/or units

BCD

Floating point

Six characters (first six)

Date of midpoint of fit, Julian date

Number of days on each side of midpoint
aAU/day5

aAU/day4

aAU/day3

aAU/day 2

aAU/day
aAU

aAU/day5

aAU/day4

aAU/day_

aAU/day_
aAU/day
aAU

AU/day 5
AU/day 4

aAU/dayI
aAu/day2

aAu/day
aAU

aExcept for Moon data, which are in Earth radii and days.
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(7) As soon as a set of coefficients was selected for an interval 3 addi-
tional data were read from the source ephemeris tape and used to replace the
points already fitted (except the last point). These data were processed as de-
scribed in steps i and 2 so that the next 50 points were ready to be fitted.
Steps 3 to 6 were then used to find the next set of coefficients 3 and steps I
to 6 were repeated until all data for all planets were fitted.

Data Treated

The preceding process was applied to all data available at the time. For
the Moon3the technique usually led to the use of every point in the fitted in-
terra! (i. e., only three points were fitted). Thus_ a check of accuracy was not
available. The error in the attempt to fit the next greater interval (five
points) was not excessive_ however_ and it is judged that the accuracy obtained
from these fits is about equal to that held on the other bodies.

Merged Ephemeris Tape

Once all the positions and velocities of all the bodies then available were
fitted 3 the coefficients were merged in order of the starting date of each fit.
The resulting tape was written in binary modewith 12 sets of fits per record.

The detail of this record is as follows:

Set I

ist word:
2rid word:

f 3rd word:

Cth word:

m

23rd word:

FORTRAN compatible

file number_ fixed point in decrement

planet name, code in BCD 3 first six characters

Julian date_ floating point

etc._ according to list in paragraph 6

21 words

Z

Set 2

'2_th word:

25th word:

.4¢th word:

planet name, code in BCD_ first six characters

Julian date, floating point

Successive sets follow one another with a total of 12 sets.

Set 12

(last set)
23¢th word: planet name235th word: Julian date_ floating point

25_th word: z

End-of-record gap

One record contains 254 words_ the first is for FORTRAN compatibiiityj the second

is a file number used for identification in the system. It is a fixed point Z.

The third is the beginning of the first set of data_ and 12 sets follow each with

21 words. The last word is the 25¢th word (counting the FORTRAN compatible word)
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followed by an end-of-record gap. The remaining records are compiled in the sgme
manner with an end-of-file recorded as a terminating mark.

Because of the merging operation_ all bodies are given in one list in a
random order according to the starting date of the interval. The starting date
is the Julian day (word Z) minus the half interval (word 3) (see procedurej par-
agraph 6). The entire ephemeris occupies about one-seventh reel of tape. A
summaryof data is given in table VII.
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APPENDIX G

INPUT-DATA REQUIREMENTS

The procedure needed to run actual problems with the aid of this routine is

described herein. It is intended to permit the user with a specific problem in

mind to make a complete list of data required and to select desirable operating
alternatives from those available. The details of this procedure are contained

in the following instructions:

(i) Provision has been made for two types of ephemeris data to specify the

locations of celestial bodies that perturb the vehicle. They are ellipse data

and ephemeris-tape data. If the problem does not involve perturbing bodies (ex-

cept a reference body) or if elliptic data are used for all the perturbing

bodies, skip to instruction 5.

(2) If the perturbing-body data are to be taken from an ephemeris tape_ list

the names of the ephemerides and Julian dates to be covered along with the fol-

lowing auxiliary information:

1st card: $DATA = 300_ STABLE_ 2 = TAPE 3, 17 = ELiST, 29 = TBEGIN_

30 = TEND/

Other cards: TAPE 3 = 0

TBEGIN= ephemeris beginning Julian date

TEND= ephemeris ending Julian date

ELIST = (names of perturbing bodies in "ALF" format, see

example in text)

The ephemerides of all planets except Earth bear the name of the planet. The

ephemeris giving the distance from Earth to the Sun is called "sun," as is

astronomical practice.

(3) if successive files on the ephemeris tape are to be made 3 punch the

corresponding sets as follows:

SDATA = 300, TAPE 3 = 0, TBEG!N = _ TEND = , ELIST =

As many similar sets as are needed may be appended,

(4) If ellipse data are to be loaded from cards, they are prepared later
under instruction ii.

(5) On the first execution after loading the routine_ the common area is

cleared whether an ephemeris tape is constructed or not. It is now necessary to

load a table of variable names. Once !oaded_ this table will not be cleared

again (except if the control variable TAPE 3 is set equal to zero). These names

are for use on the input cards. If a different name is desirable for any
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variab!e_ it may be changed in the table and where it appears on the input card
(ref. 7). The cards are:

SDATA=I,_iTABLE, 33=DTOFFJ, 34=TOFFT, 7ii=Ti_, 716=X, 717=Y, 718=Z,
713=VX, 714=VY, 71S=VZ, II.=IMODE, 713--E, 7!4=0_MEGA, 71S-NODES,
718=INCL, 717=MA, 7!8=P, 43=LAT, 44=LONG, 4S=AZI, 46=ELEV, !4=ALT,
4V=_TEL, 16=TFILE, 2$=TMiN, IS3=BODYCD, 177=ELIPS, 30.=MODOUT,
27=STEPS, 29=DELMAX, 26=STEPMX, 23=EREF, 24=ERLIMT, 4.=NSAVE,
5:RECALL, 3=CLEAR, 18.-LOOKX, 22=XLOOK, ig.=LOOKSW, 20=SWLOOK,
60_].=INLOOK, IS=END, 31=ATHN, 32=RATM, 49=ROTATE, 4!7=COEFN,
163.=ICC, 60=BETA, 50=0BLATN, 73=TB, 93=FLOW, I03=SIMP, !23=AREA,
143=DELT, $3=RMASS, !!3=AEXIT, 133.=!DENT, 48.=LSTAGE, 2S=TKICK /

(6) The initial position and velocity of the vehicle may be given in any one

of the three coordinate systems. If the initial data are given in orbit ele-

ments, skip to instruction (8). If the initial data are given in rectangular co-

ordinates_ skip to instruction (7). If the initial data are given in Earth-

centered spherical coordinates; the following variables should be punched:

LAT = latitude; deg_ positive north of equator

LONG = longitude_ relative to Greenwich; deg

ALT = altitude above sea level, m

AZi = azimuth angle 3 east from north_ deg

ELEV = elevation angle 3 horizontal to path 3 deg

VEL = initial relative ve!ocity_ m/sec

TKICK = size of initial vertica!_ nondrag step to facilitate starting 3
sec

if the Earth is assumed to be rotating but aerodynamic forces are not

to be considered 3 set
ROTATE = Earth rotation rate 3 7.2921i585Xi0 -Z radian/sec

If integration in rectangular coordinates is desired set
IMODE = 4

or else if integration in orbit elements is desired set

IMODE = -4

Skip to instruction (9).

(7) If the initial data are in rectangular coordinates_ set the following

variables:

X = x-component of position in x_y3z coordinate system7 m

Y = y-component of position in x_y3z coordinate system_ m
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Z = z-component of position in

VX= x-component of velocity in

VY = y-component of velocity in

VZ = z-component of velocity in

x3y3z coordinate system_ m

x_y3z coordinate systemj m/see

x_y3z coordinate systemj m/sec

x3y3z coordinate system 3 m/sec

If integration in rectangular coordinates is desired set

IMODE = 2

or else 3 if integration in orbit elements is desired set

IMODE = -2

Skip to instruction (9).

(8) If the initial data are in orbit elements, set the following variables:

E = eccentricity

OMEGA = argument of pericenter_ radians

NODES = longitude of ascending node (to mean vernal equinox of 1950.0),

radians

INCL = orbit inclination to mean equator of 1950.03 radians

MA= mean anomaly_ radians

P = semilatus rectum_ m

If integration in orbit elements is desired set

IMODE = 1

or else_ if integration in rectangular coordinates is desired set

IMODE = -1

(9) To specify takeoff time 3 set the following variables:

DTOFFJ = Julian day number

TOFFT = fraction of day

TIME = time from previously set Julian date 3 sec

Takeoff occurs at the instant (ephemeris time) corresponding to the sum of the

last three quantities. If a specific date or time is not required_ these vari-

ables may be skipped. In that case_ the SUBROUTINE STDATA sets DTOFFJ to

2440 000.

(!0) To specify the orig_n and any perturbing bodies 3 list them as BODYCD =

(list of body names in "ALF" format_ see text example). The first bo_ _ in the

list is taken to be the reference body. The distances between the bodies in
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this list must be computable from either ellipse data (instruction (ii)) or
ephemeris-tape data (instruction (2)). There maybe no more than eight namesin
the list. Also3 if the ephemeris tape is being used, the correct file must be
found on it. For this purpose3 set TFILE = desired ephemeris-tape file. The
ephemeris files were numberedin sequence whenwritten in instruction (2). If
TFILE is not given, it will be set equal to 1.0 by the SUBR0_ STDATA.

(!i) For each body whose path is represented by an ellipse, a 12-element
set of data must be loaded. A 12-element set consists of:

i. Body namein "ALF" format (maximumof six characters)

2. Reference body namein "ALF" format (maximumof six characters)

5. Mass of body, sun mass units

A. Radius of sphere of influence3 m

5. Semilatus rectum3 AU

6. Eccentricity

7. Argument of pericenter3 radians

8. Longitude of ascending node (to meanvernal equinox of 1950.0)3
radians

9. Orbit inclination (to meanequator of 1950.0)j radians

i0. Julian day at perihelion

ii. Fraction of day at perihelion

12. Period 3 mean solar days

it is convenient to punch a 12-element set in sequence and to separate the ele-
ments by commason as manycards as are required. Several sets may then be
loaded consecutively. The order of the sets is immaterial. Ellipse data3 if
present, take precedence over ephemeris-tape data. The sets are loaded consecu-
tively3 in any order, as follows:

ELIPS = set 13 set 2_ set Z3 • - -3 set nj n _ i0 (see example in appen-
dix z)

(12) If oblateness effects of the Earth are to be included 3 set

OBT,A --

(!3) Provision has been made to fly multistage vehicles with up to

i0 stages. At least one stage must be loaded. There are eight parameters for

each stage with provision for input-controlled modifications of other variables.

The i0 values of each parameter are stored in an array corresponding to the
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i0 stages. Input cards are as follows: .

TB = burning time for Ist stage, 2nd stage, etc. 3 sec

FLOW = propellant flow rate for Ist stage, 2nd stagej etc., kg/sec

SIMP = vacuum specific impulse of ist stage, 2nd stage, etc., sec

AREA= aerodynamic reference area of ist stagej 2nd stage, etc., m2

= m 2AEXIT engine exit area for Ist stage, 2nd stage, etc._

RMAS8 = initial mass or jettison mass for ist stage3 2nd stage 3 etco,

kg

DELT = initial integration step size for ist stage, 2rid stage, etc.,

sec

IDENT = input identification number ist stage 3 2nd stage, etc.

TB must be loaded for as many stages as are to be flown. Others may be omitted

if zero is appropriate. If RMASS(i) is not positive, the ith stage begins with

the final mass of the previous stage reduced by the fixed amount RMASS(i). In

the case of DELT, zero will result in use of TB/IO0. IDENT of a nonzero value

will cause any data cards of that identification number to be read in after the

stage is set up and before integration begins. This permits the user to make

almost any change desired. The order of data cards is discussed in instruc-

tion (24).

(14) The thrust orientation must be specified by setting

BETA = angle _, deg (see sketch (a) (p. 4))

COEFN (I) = angle-of-attack schedule, _ = _(t) (see instruction (16))

ICe = fixed-point integer (see instruction (16))

For the special case of tangentialthrust, none of the last three variables need

be set.

(15) If aerodynamic forces are present, set in addition to AREA in instruc-

tion (13):

ATMN = name of body that has atmosphere, in "ALF" format, (Earth)

RATM= radius above which atmospheric forces are not to be considered,

m

ROTATE = atmospheric-rotation rate, radians/sec (7.29211585XI0 -5 for

Earth)

BETA = angle _, deg (see sketch (a))
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COEFN°(I) = angle-of-attack schedule, a = a(t)3 CL/sin a, CD_0, and
CD,i/CLZ curves (see instruction (16))

ICC = fixed-point integers (see instruction (16))

(16) If neither thrust nor aerodynamic forces are present, skip to instruc-

tion (18). The relations _(t), CL/sin _, CD,0, and CD, i/C _ are assumed to be

quadratic functions that involve coefficients_ which are located in the COEFN(J)

array. The arrangement of these coefficients is best explained by an example.

Suppose the function

_=_

e(t) is as follows:

"al I + al2t + a!st2

a2! + a22t + a23t2

a31 + a32t + a33t2

etc.

(tI __ t __ t2)

(t2 __ t _< t3)

(t 3 < t < t4)

etc.

The coefficients ai3 j should then be loaded into the COEFN(J) array as:

COEFN(J) = tlJallJa12,a13, t2,a21,a22,a23,t_,asl,a32,a53,tA, • . .,t n

Furthermore, additional sets of coefficients for the other functions may simply

be added to the COEFN(J) array_ which results in a string of sets of coeffi-

cients_ and can be represented_ for example_ as:

COEFN(J) = _ coefficients, CL/sin _ coefficients, CD_ 0 coefficients, etc.

= tl,all,al2 _ . . ._tn,NM, l_bll,bl2, . . .,NM3k, etc.

The starting point in the COEFN(J) array of each function must also be loaded to

identify the correct region of coefficients. To this end, the following array

must also be loaded:

ICC(!) = fixed-point value of J where _ coefficients begin

ICC(2) = fixed-point value of J where

ICC(3) = fixed-point value of J where

!CC(&) = fixed-point value of J where

CL/sin _ coefficients begin

CD,i/C _ coefficients begin

CD, 0 coefficients begin

For this purpose_ all values in the COEFN(J) array are called coefficients (i.e.,

the t's and the NM'S are coefficients). The sequence of the sets is arbi-

trary, since changing the sequence requires only a change in the ICC(1) array.

(See appendix I for Example !!, the lunar orbiting probe.)
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(17) The size of the integration steps is determined primarily by the error

control variables. These are loaded as:

EREF = error reference value} _ in appendix D

ERLIMT= maximum value of 6 that is acceptable on any particular step

EREF is always treated as a positive number} however 3 if it is loaded with a

minus sign_ this will cause error information to be printed at the completion of

the problem. If no error control data is !oaded3 SUBROUTINE STDATAw!il set

EREF= lXlO -6, EPJ_,IMT= 5XlO -6.

(18) The output control offers a choice on the frequency of output data as
follows:

If MODOUT = !_ output will occur every nth step (n = STEPS) until

t = __N, and then MODOUT is set equal to 2 by the program

If MODOUT = 2_ output occurs at equal time intervals of DELMAXuntii
t = TMAX

If MODOUT= 33 output occurs at equal time intervals of DELMAXuntil

t = TMIN 3 then MODOUT is set equal to 4 by the program

if M0_= ¢_ output occ_s every nth step (n = STEPS) until

t=TMAX

STEPMX = maximum step limit before problem is completed

DELMAX = time interval between outputs

STEPS = number of steps between outputs

_MIN = time when MODOUT changes

Note that output control may_ at times_ strongly influence the integration step

size especially if MODOUT is 2 or 3 and DELMAX is small. STDATA will put
MODOUT = 4 and STEPS = !o

Note that _AX= time at start of a stage 3 plus the stage time_ T_(NSTAGE)_ and

is computed internally.

(19) Provision has been made to interrupt the integration procedure when an

arbitrary value of an arbitrary parameter is attained. By interrupt it is meant

that an output will occur at this point 3 input is permissible_ and a decision is

made whether to continue the stage3 terminate the stage# or terminate the flight.

Skip to instruction (20) if this facility is not desired. To cause an interrupt_
set

L00K_= COMMON C location of arbitrary parameter

XL00K = value of C(LOOKX) where an interrupt is desired
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INLOOK = input identification number for interrupt

END = a negative number if flight should be terminated_ zero if stage

should continuej or a _ositive number if stage should be terminated

If the interrupt is not desired the first time C(LOOKX) = XLOOK, set

LOOKSW = COMMON C location of a second arbitra_r parameter

SWL00K = value of C(LOOKSW)_ which must be equaled or exceeded before

an interrupt may occur (interrupt occurs if C(LOOKX) = XLOOK and

C(LOOKSW) _ SWLOOK)

_rpicaily, time may be the second arbitrary parameter; thus_ STDATA sets

LOOKBW = 7ii_ the COMMON location of time. INLOOK of a nonzero value will cause

any data cards of that identification number to be read-in prior to the interro-

gation of END. The order of the cards is discussed in instruction (24).

(20) Provision has been made to save a block of initial conditions and pro-

gram control parameters prior to the integration of the n th stage. This allows

the flight to be flown again from the n th stage onward with prescribed altera-

tions. Skip to instruction (21) if this facility is not desired. To save the

program control variable array 3 A 3 and the integration variable array_

XPRIM + XPRiMB_ just prior to integration of the nth stage_ set

NSAVE = the number of the nth stage

The saved data_ stored in the D array_ will be returned to the A and

XPRIM+ XPRI_ arrays after the flight is completed if

RECALL = any nonzero number

It is intended that changes in the succeeding flight will be made at the main

input station ($DATA=I). NSAVE and RECALL are not contained in the array A

and are therefore unaffected by the save-recall sequence. The correct sequence

of these controls is not always simple and an understanding of the main program

and input stationing is quite desirable.

(21) If the standard set of data contained in the SUBROUTINE STDATA is not

desired 3 set

CLEAR= any nonzero number

It is intended that this control shall be set nonzero by the SDATA = 99 input

station at the beginning of the main program. It is not affected by the save-

recall sequencing explained in instruction (20).

(22) If the number of stages to be flown is not equal to the number of con-

secutive nonzero flight times_ TB_ set

LSTAGE = number of last stage to be flown
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(25) When a transfer of origin occurs, provision has been made to read input

into the program. This is done with the aid of SDATA = 101, followed by the

data statements desired.

(24) The sequencing of the input cards is not always simple and no rigid

rules may be written down. Inspection of the program may be necessary to answer

some questions. However, in general, the first input cards belong to the

SDATA = 300 group if an ephemerides tape is required. This group is followed

by the SDATA = 1 group, which consists of the main input for a single flight.

Following this are the in-flight input cards_ if any_ which may be any combina-

tion of SDATA = i01, SDATA = INL00K, or SDATA = IDENT (NSTAGE) groups. The

order of these groups of cards matches the order of the time sequence of events

in the flight itself. For multiple flights_ sets of the above groups may be

added in tandem. It is usually desirable in this case, however, to read all the

SDATA = 300 sets at the same time (as in instruction (3)) to avoid excessive

tape handling.

(25) Following is an input check list that may be helpful at execution time:

INPUT CHECK LIST a

Takeoff tim,

DTOFFJ =
TOFFT --
TIME =

Position and velocity
(completely fill in one and only one block)

Rectangular

X m=

Y=
Z_
VX--
VY--

VZ=
IMODE = 2

Orbit elements

E. _

OMEGA =
NODES --
INCL =
_L_ =
P=
IMODE = I

Spherical

LAT =
LONG =
AZ! =
ELEV =
ALT =
VEL=
TKICK
IMODE = 4

Reference and perturbing bodies

BODYCD =

Tape Elliptic

bTAPE 3 = 0
bTBEGIN =
bTEND =
bELIST =
TFILE =

EL!PS =

Output i Error
control control

TZIN = | EREF-
MODOUT = | ERLIMT =
STEPS = iDELMJ_X =
STEPF_

Restart
feature

NSAVE =
RECALL =
CLEAR =

Parameter
search

LOOKX =
XLOOK =
L00KSW =
SWL00K =
IN]L00K =
END

Atmosphere and
coefficients

AT_ =
RATM =
COEFN =
ICC =
BETA =

Oblateness -
rotation

OBLATN =
ROTATE =

Stage
data

TB

FLOW =
SIMP =
AREA =
DELT =
R_iASS =

AEXIT ---
IDENT =
LSTAGE =

aThe following standard data are loaded by SUBROUTINE STDATA:

DTOFFJ = 2440 000.0 MODOUT = 4 ERF_ = l×10 -6
IMODE _ 1 STEPS = 1.O ERLIMT = 5×lO -6

BODYCD(1) = (ALFS)EARTH STEP,D( = I00.0 TFILE = 1.0
RXASS(1) = 1.o LOOKSW = 711

bAt input 300, setting TAPE 3 = 0 is necessary to make an ephemeris tape.

46



APPIDIDiX H

PROGR_H LISTING

THIS MAIN PROGRAM IS THE SUPERSTRUCTURE ABOVE ALL SUBPROGRAMS.

SUBROUTINE TAPE CLEARS CUMMON ! THRU 6000 AND MAY CONSTRUCT AN

EPHEMERIS TAPE, ALSO, II ALWAYS SETS TAPE) -0. SUBROUTINE STOATA

LOADS A STANDARD SET OF DATA. IF RECALL DOES NOT EQUAL ZERO, A
PREVIOUSLY _AVEO SET OF DATA(FROM STAGE) IS MOVED TO THE INITIAL

DATA LOCATION. THE MAIN INPUT STATION IS STATEMENT 811NPUTI)

WHERE THE VEHICLE DATA FOR ALL STAGES MAY BE LOADED. SUBROUTINE ORDER I_

CALLED TO O_DER THE LIST OF BODIES, DETERMINE THE GRAVITATIONAL CONSTANT,

ORIGIN ROTAIION RATE, ATMOSPHERIC RADIUS, RELOCATE ELLIPTIC EPHEMERIS DATA
AND POSITION THE EPHEMERIS TAPE.

COMMON C

DIMENSION AI6001, B{700), CIAOOO),

l TBiEOI, UI|lOOI

EQUIVALENCE

I(A ,C | II)),(B ,C (IILIII,ICLEAR ,C ! 3)),

2(0 ,C (2|I|)),ILSTAGE,A I 3Eli,INCASE ,C I 1)),

3(NCASES,A ( 600)),(N_TAGE,A ( 3|],(RECALL,C ) S)),

4(TB ,A ( 63|I,(TAPE3 ,C ( 2]),(TABLE ,C 11911))

I CALL INPUT Igg,C,TABLEI

IF iTAPE3) 3,2,3
2 CALL TAPE

3 NCASE • NCASE * l

WRITE OUTPUT TAPE 6,12,NCASE

|2 FORMATIIZHILASE NUMBERI3,1H.I
IF (CLEAR) 5,4,5

4 CALL STDATA

$ IF (RECALL) 6,$,6

6 DO 7 J-l,llO0

T AIJI - OlJ]

WRITE OUTPUT TAPE 6,IA,NSTAGE,NCASES

16 FORMATI33H RECALLED INITIAL DATA FROM STAGE[2,BH OF CASEI_,IH.}

8 CALL INPUT (I,C,TABLE)

IF (SENSE SNITCH 6) 13,16

13 WRITE OUTPUT TAPE 6,15
15 FORMATIIgHOEKIT VIA SENSE SW6)

CALL EXIT

16 IF (LSTAGE) ll,g,ll

9 DO IO LSTAG_=Z,]O

IF ITBILSTAGE÷I)) IO,LI,lO
lO CONTINUE

LSTAGE = LO

Ii CALL ORDER

lT CALL STAGE

GO TO 1

ENO

SUBROUTINE AERO

SUBROUTINE AERO COMPUTES THE LIFT AND ORAG ACCELERATIONS. AS IN SUBROUT-

INE THRUST) THESE VECTORS ARE REFERENCED TO THE RELATIVE WIND VELOCITY.
COEFFICIENT_ OF LIFT, INDUCED ORAG, AND DRAG AT ZERO ANGLE OF ATTACK ARE

ASSUMED TO BE FUNCTIONS OF MACH NUMBER ANO ANCLE OF ATTACK. TABLES OF

COI/CL.'2, CL/SINIALPHA). AND COO ARE ASSUMED AS PITTED QUAORATtC EQUAT-

IONS IN THE COEFN ARRAY. OASFAC IS THE SQRTFISRECIF[C HEAT RATIO * STAND-

ARO ACCELERATION OF GRAVITY * UNIVERSAL GAS CONSTANT). FOR EARTH, GASFAC=
20.064881 (METERS / SEC*t2 Y KELVIN OEGREE]**I/2°

COMMON C

OIMENSION A(600), B(70OI, CI_.OOO),

IVATMIS), P)31, XIFTI3J, ORAGISI, PAR[3I, X{lO0)

EQUIVALENCE

IIA ,C ( [1] ), IALPHA ,A I 69)), IAREA ,B

2[B ,C (I|llI I,(8ETA ,A I 50)I,(CO ,A

3ICZ)I ,A ( 163)),(CL ,A ( 164)),(COSALFtB

4[COSBET,B ( 491 ), (ONS[TY,D I 2@)),(ORAG ,B

5(GASFACtA ( 46I),(P ,B ( BA)I,IPAR ,B

6IPMAGN ,B ( 50)),(Q ,A ( SgI),(R ,B
7(SINALF,6 ( 46)), ISINBET,8 ( 67II,ITM ,B

BI VATM ,B "I 9T)), (VMACH ,8 ( 3Eli,fro ,8

9IVQSQRD,B :1 ZOl)),IX ,B ( 4OLII,(XIFT ,B
C

Q " 0.5*ONSITY'VQSQRO
OVAL - QeAREA/X(Z)

VMACH-SQRTF[ VQSQRO/TM I/GASFAC
C

C COMPUTE THE XeYtZ COMPONENTS OF LIFT.

IF (ALPHA) 2,l,2
I CL - O.O

CDI=O.O

GO TO 4

2 CL = QUADiVMACH,2)eSINALF

AA - QVALeCLIPMAGN

AB • SINBETIVQ
O0 ] K-l,3

3 XIFT(K) - AA*IAB*PARIK)+COSBETePIKII

7 CO I'QUAOI VMACH, 3 ) "CL*CL
C

C COMPUTE THE X,Y,Z COMPONENTS OF DRAG.

4 CO s CDI+qUAOIVMACH,&)
AC - -CO*QVAL/V_

DO 5 K=I,3

§ DRAGIK) " AC'VATMIKI
6 RETURN

END

6ll,

I65]I,
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FUNCTIONARCTAN(Y,X)
THE FORTRAN Jl LIBRARY ATANF(+ OR - Z.TAN|THETAI) USES A SINGLE

ARGUMENT WITH ITS SIGN TU GIVE THETA [N THE FIRST leZ) OR FOURTH

I-ZI QUADRANT.

THE ARCTAN FUNCTION MAY BE USED IF ÷ OR - Z IS uERIVEO FROM A

FRACTION SO THAT ARCTAN |YtXI • TAN-L |[_OR-Y=SIN(THETA1)/(÷UR-X•

CO$(THETA) I}. THUS THE ARCTAN (Y,X) GIVES THETA 1N ITS PROPER

QUADRANT FROM -180 DEGREES TO +[80 DEGREES*

IF IX) 2_t,2

I ARCTANaSIGNF(|,STO7_63_tY}

GO TO 4

2 ARCTAN-ATANFIY/X|

IF{X) 3,1,4

3 ARCTAN=ARCTAN÷S[GNF(3.|4159265,Y)

6 RETURN

END

SUBROUTINE CONVTI |V,AMC|

C THIS ROUTINE CONPUTES -- (1) ANGULAR HONENTuMe AMCI_}

C (2| ANGULAR MOMENTUM SQUARED, AMC(S}

C (3I XtYtZ COMPONENI_ OF ANG. MOM°e AMCIJ]

C I4| VELOCITY, V[4)

C iSI VELOCITY SQUARED, V(5)
C

COMMON C
C

OIMENSION A|6OOIt 8(700|, C1¢O00),

| AMC|3)t vlSJf RB(_)_ JND(_

C

EQUIVALENCE

I(A ,C | ltJl,IB vC (111111t|lNO tA [ bOll|
2(RB .B ( L9311

C

DO l Ji=lv)

JZ=INOIJ|I

J3-IND(J2)

I AMCIJ3) = Ro(JII_V(J2I-RB(J2)*V(JI)

AMC|SI = AMC(I)--2+AMCi2)_2+AMC(3IH2

AMC|AI = SQRTF(AMCiS))

VIS) = Vl|lee2*Vl2l*e2eVl'3)tt--__N
VIAl = $QRTF(V(S))

RETURN

ENO

SUBROUTINE CONVTZ

THIS ROUTINE CONVERTS RECTANGULAR COORDINATES INTO ORBIT ELEMENTS.

RECTANGULAR COORO]NATES- PO$|TION COMPONENTS,X_ANO VELOCITY COMPONENTStVX.

THE ORBIT ELEMENTS ARE IN THE ORBELS ARRAY-

(11 ECCENTRICITY I¢1 INCLINATION

(2] ARGUMENT OF PERICENTER (5I MEAN ANOMALY

I3| LONGITUUE OF ASCENDING NODE (6| SEMILATUS RECTUM

COMMON C

DIMENSION AI600), 8(700), C[40001,

| AMCI3It ORBEL$|6), R8|3)

EQUIVALENCE

IIA ,C I|)),(AN

2[AMC 18 871),(8

3[EPAR t8 26)I,{GK2M

_IR ,B I02)),(R_
5[TRU ,8 _OI),(V

6[VX rB 9Z}I,(VY

ORBEL$(BI=AHSQRO/GKZN

,8 ( 90)I,(AMSQRO,B I 9|lit

,C (111111t(COSTRU,B I 5311t

_8 ( 361},(ORBELS_8 ( 116l|t

,B ( Lg3II,ISINTRUtB ( 521)_
,8 ( 95111(VSQRD ,B ( 9611t

,8 ( g3II,IVZ ,8 ( 941)

R=$QRTF(R_(I_*eZeRBZ_Ie.ZeRB_Jle*ZI

TRU=ARCTAN(AM/GKZH*iRB(LIoVX+RB(2)*VY+RB(3)eVZ),ORBELSIB)-R)

IF[AMC(I)) 2,1,2
I ORBELS(3)=O,

GO TO 3
20RBEL$(3)=ARCTAN(AMC(II,-ANC[2|I

) ORBELS(_)=ARCTANiSQRTFIAMC[L)=_2*AMCI2I_*2I,AMC(3))
SNOOE-SINF(ORBEL$(3))

CNgOE-COSFiORBELS(3|I

AA=RB(I)eCNUDE+RBi2I_SNDDE

AB=RB(3)=SINF(ORBELS(_II+EOSF(ORBELS(_I)e(R_(Z)mCNOOE-RB||]eSNODE|

ORBELS(2I=ARCTANIAB,AAI-TRU

ORBELS(|I=SwRTF(ABSFI|o+URBELSIb)t(V$QRO/GK2M-2./R)))

EPONE=S_RTFI[.+ORBELS[I))

E2MI-I.-ORBELSI|),eZ

EPAR-$QRTF(ABSF[E2ML))

SINTRU_SINFJTRU)

COSTRU=COSF(TRU)

ETHETA=ORBEL$II}*SINTRUI(I.*ORBELS(II*COSTRU]eEPAR

IF(E2M1) 5,6,6

50RBEL$iS)=LUGFi(EPONE*EPAS)/(EPONE-EPASI]-ETHETA

GO TO T

6 ORBELS{5)=2.eARCTAN(EPAS,EPONE)-ETHETA

7 RETURN
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SUBROUTINEERRORZC THISSUBROUTINECOMPUTES THE RELATIVE ERRORS 8ETWEEN THE R-K AND LOW-ORDER

C INTEGRATION SCHEMES. IT ALSO COMPUTES THE ERROR COEFFIEIENTt A_ AND SAVES

C THE ERROR OATA wHEN EREF HAS A - SIGN. THE BRANCH ON IMODE DETERMINES

G WHICH SET OF NORMALIZING FACTORS ARE TO BE USED.

C

COMMON C

C

OIflENSION A|600), B[700), CiBOO0),

I RELERR 18/t XPRIH (200)p XiNC [ZOO)

C

EQUIVALENCE

I(A ,C ( ll))piAl ,B ( IOI),|A2 ,B [ lI)|t

2[B ,C (IIII]I,[DELT ,B ( I|),(EZ ,B ( IBl],

3(EREF ,A [ 13)),[INODE ,A ( II],IINOERReB ( 5l][,

4[R )8 [ IOE]I)iSTEPGO,A ( _I)),(STEPNOtA ( _2i1)

5iV ,B | 95|).(XINC ,B [ 6O[)),(XPR]M tC ( 7[I))

EQUIVALENCE (RELERRtXINC)
C

E2 = O.

RELERRiZ) = XINCi2i/XPRIH(21

IF (INODE-I) 2,|,Z

C

C COMPUTE THE NORMALIZED INTEGRATION ERRORS FOR THE ORBIT ELEMENTS.

I RELERR(3I=XINCi3i/IXPRIMi3)+Io)/[O.

RELERR(Bi=XINCIE)/XPRIMiB]/_Oo

DO IO J'I.6

10 RELERRIJ*3)=XINCIJ+3i/62.B31853

GO TO 3

C

C COMPUTE THE NORMALIZED INTEGRATION ERRORS IN RECTANGULAR VARIABLES.

2 VI • V+IOO.

O0 EO J-I,3

RELERRiJ+Zi=X[NCiJ+2I/VI

ZO RELERRiJ+5)=XINC(J+S)/R

C

C SELECT HAXIMUN ERROR, COMPUTE ERROR COEFFICIENT, POSSIBLY SAVE ERROR DATA.

3 DO 5 J•2,8

IF (ABSFiRELERRIJI|-E2) 595,_

6 K=J

E2 = ABSFiRELERRIJ)|

5 CONTINUE

E2 " E2 • 2E-8

AL - A2

A2 = LDGFiEZI-5.*LOGFIABSF(DELT)I

IF (EREF) 6,Tit

6 WRITE TAPE k,STEPGOtSTEPNOeXPRIN{II,DELTtAE,EE,IRELERRiJ),J=EeB),K

INOERR = INOERR • I

7 RETURN

END

SUBROUTINE EQUATE

THIS SUBROUTINE IS CALLED FROM NBOOY TO EVALUATE THE DERIVATIVES OF THE

VARIABLES OF INTEGRATION. EITHER RECTANGULAR COORDINATES OR ORBIT ELE-

MENTS MAY BE USED AS THE VARIABLES OF INTEGRATIDNe BUT IN THE CASE OF THE

LAITERt THE CORRESPONDING RECTANGULAR COORDINATES MUST FIRST 8E FOUNO.

THIS IS DONE AT THE BEGINNING THRU THE USE OF KEPLERS EQUATION. THE

PERTURBATING ACCELERATIONS ARE FOUND BY CALLING VARIOUS OTHER SUBROUTINES

AND THEIR SUM RESOLVED ALONG THE XtYtZ AXISe FINALLY, THE DERIVATIVES

ARE CALCULATED. IN THE CASE OF ORBIT ELEMENTS, THE XpYg2 PERTURGATING

ACCELERATION COMPONENTS MUST FIRST BE RESOLVED INTO CIRCUMFERENTIAL,RADIAL

ANO NORMAL COMPONENTS. THIS ROUTINE ALSO CHANGES THE INTEGRATION VARI-

ABLES FROM ORdIT ELEMENTS TO RECTANGULAR VARIABLES iF THE ECCENTRICITY

APPROACHES UNITY. THE X,XPRiNp AND XOOT ARRAYS ARE AS FOLLOWS.

X ORBIT ELEHENTS RECTANGULAR COORDINATES

I TIME TIHE

2 MASS MASS

] ECCENTRICITY X-VELOCITY

6 ARGUMENT OF PERICENTER Y-VELOCITY

5 ARGUMENT OF ASC. NODE Z-VELOCITY

6 INCLINATION X

T MEAN ANOMALY Y

B SEHILATUS RECTUM J

COMMON C

DIMENSION A[6OO]. BITOOlt C|4OOOlt

l XPRIM iLOO,2). VX 13l_ QX (3iv

2 RB (_), NEFHRS (Bit X (IOO)_

3 XPRINB (LOO,Z)t FORCE (3I. XIFT (31,

DRAG I3). DBLAT i3l, CONPA [3).

5 XDOT liOO)
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EQUIVALENCE

AIR ,C

218 ,C

)(CIRCuM,B

_(C_STRU.B

5(ENUNE pB

6IEXMODE,B

7(bK2M ,_

8(KSUB ,B

gINSTARTfB

EQUIVALENCE

!(PRESS ,B

2(RAOIAL,U

](R t8

_(SINTRU.B

5(TABLT ,8

6(TTEST ,A

7(VSQRD ,8

8IXIFT ,B

gIX .B

I I|))FIAMSORD,B

ILLII)),(BNAME ,8

B2)),ICOMPA .8

53)),(COSV .B

2B)),IEPAR r8

2T|).|FLOW t8

36)]tIbKM .B

|ql/,IHBODYS,8

2;)),IObLATN,A

33)),(PUSHO _B

8|))_(RATMUStB

IO2)),IRS_R0 ,6

52)),ISINV ,8

20I},(TOFFT ,A

S&II.IU ,A

9blitlVX pB

72}I,IXPRIM fC

4ULI).IZORHAL,B

TA_LT=X(LII_PU_TOFFT

[MODE=IMDDE

bU TO (2,[6,16),]MQOE

91)),IASYMPT,A

[22)),(C]NCL ,B

6))},ICUN_TU, A

57)),(ORAG ,8

2B})_(ETUL ,A

5}).(PORCE ,B

3?)I,IIMOOE IA

42}I,INEFMR_.B
;O)),(OBLAT ,8

391)),(QX ,B

23)),IR_ ,B

45)I,(SINCL ,B

5b)),|_PO ,A

Z4I),ITRSFER,8

59)I,IV 18

921)tIXDDT ,B

71II),IXPRIMB,C

8))},(ZN ,B

7)),

55)),

}2)Iv

6g)),

JOlJ,

6611,

L)),

]bS})f

75)}

TB)},

193)),

5_)),

81I,

9511v

50[}}w

91])),

431)

C

C _TATEMENTS _ TO |6 FIND THE RECTANGULAR POSITIaN AND VELOCITY FROM _RBIT

C ELEMENTS AM_ TRUE ANOMALY. THE TRUE ANOMALY IS FUUNO FROM [TERATIVE

C SOLUTION _F KEPLE_S E_UATIGN.

2 E2 = XI3l*Jz

EZMI • [.-Lz

EMONE - XI))-L.

EPAR=S_RTF(ABSFIE2MI})

VCIRCC=GRM/3GRTFIXIB))

C

C COMPUTE SIN_ ANd COSINE OF TRUE ANOMALY.

C PART A. E']

) IF (EMENE) L0,4,5

$1NTRU - O.

COSTRU = L-

GO TO [_

C

C PART d. E I$ GREATER THAN 1

5 O0 l J-[,[OO

OELM - X(7)-U_X(31eSINHF[U)

ECQSU = XI3]oCOSHFIU)

UELU = OELMtfio0-ECbSO)

= U,DELU

6 [F (ABSF(OELMI-CONSTU) 9,9t7

7 CONTINUE

ASYMPr = L.O

IF IM_0OY_) 8t23,B

B CALL EP_MR_

GO TO 23

9 COSU = COSHF(u}

OEMI = L.-X_3I.COSU

COSTRU = (CuSu-XI3))/OEM_

SINTR_ =-EPAReSiNHFiU)/OEMi

O0 T_ L4

C

C PART C. E I_ LESS THAN [

tO O0 12 j=L,I5

OEL_ = xIT)-U*X(3|-SINF(_I
ECOSU • XI3)_COSFIU)

OELU = _ELM/(I.O-ECOSu_O.OI*ECOSU**)}

U = _+_ELU

II IF IAB_F(OELMI-CONSTU) 13,L3,I2

l_ LONTIN_E

_RiTE OUTPUT TAPE 6,55,U,OELU

_ALL E_IT

13 COSu = COSF(oJ

_tMl - I.-XI3)mCOSU

CUSTRU = (CUSo-X(_II/DEML

_INTRU - ERAW.S[NFIUI/D_ML

L_ POVR = I._XI3IeCO_TRU

C

C COMPUTE _OSITION AND VELOCITY FROM ORBIT ELLMENTS ANU TRUE ANOMALY.

C ALSD_ CLEAR THE PERTUR_AIING ACCELERATIONS.

15 SOMEGA = _I_FIX(_))

COMEGA = C03FIX{;)I

$NCOE - SINF(x(5_I

CNCOE = COSF(X(5)|

_INCL = SINFIXl6))

C]NCL = C_SFIXlB))
SINV=SINTRU_CUMEGA*CDSTRu*SOMEGA

COSV=COSTRu*CUMEGA-_INTRQ*SOMEGA

AR=COS_*CNUuE-SINV*SNUOE_CINCL

8L-SINV*CNOuE_CUSV*SNOOE'CINCL

CI-COSV*SNUUE+S[NV-CNOOE.CINCL

OI=SIMVeSNUdE-COSV*CNOOE*CINCL

El * X(]/_3_MEG_*SINV

FI = XI3}*CQMEGA*COSV

AS=EL.CNOUE*FL*SNUDE*CINCL

_=FI.CNOUE*CINCL-E_*_NOOE

R = XIB}/PDwR

RSQRD • R*R

SINVY=SINV*_[NCL

RB([] = R_AR

RB(21 = R.CL

RB(3} = R.SINVY

VXII}'-vCIRCL'A_

VXI2)=VCIRCL*BZ

VX!_)=vCIRCL'Ft'SINCL

CO TO Ln
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[6 00 IT K=[_3

VX[K) = XIK_2)

[7 RBIK) = X(K+5)

RSQRO - RBII)*RBiL) + RB(2)-RB|2) ÷ RB(3)oRB(3)

RsSQRTF(RSQRD)

L8 VSQRDsVX{I{eVX(I)_VXI2)oVXI2I+VX(3JaVX(3|

V = SQRTFIV_QRO)

DO 19 l-L,15

19 FORCE{I) - O.

C

C TEST FOR PRESENCE OF PERTURB[NG BODIES.

IF (MBOOYS) 20121t20

20 CALL EPHMRS

21 IF (XABSF(IMOUE)-I) 2BI22f26

C

C TEST FOR CHANGE FROM ORBIT ELEMENTS TO TEMPORARY RECTANGULAR

C COORDINATES IF E IS TO0 NEAR TO UNITY.

22 IF (ETOL-ABSFiEMONE)) 26,23,23

23 IF (IMOOE) 54)26,24

Z6 IMOOE--)

IF (NSTART) 25p56,25

25 TTEST = X(lI

27 CALL TESTTR

C

C TEST FOR OBLATENESS PERTURBATION COMPUTATION.

26 [F|OBLATN-BNAME)30j29030
29 CALL OBLATE

C

C TEST FOR PRESENCE OF THRUST.

30 XOOT{2) = -FLOW

IF IR-RATMO_) 31,31,32

3t CALL ICAO

CO TO 33

32 PRESS=O.

33 IF IPUSHOI 37136,3T

36 ASSIGN 40 TO NOONE
GO TO 38

3T CALL THRUST

ASSIGN _I TU NOONE
C

C TEST FOR EX[STENCE OF ATMOSPHERE. FIND AERODYNAMIC FORCES.

38 IF {PRESS ) 39p42,39

39 GO TO NOGNEm {60.61)

60 CALL THRUST

41 CALL AERO

C

C SUN COMPONENTS OF THE PERTURBING ACCELERATION.

62 00 43 J=I,3

43 COMPAIJI = -QXIJ)+OBLATIJI+FORCE|J)+XIFTIJ)+DRAG(JI

44 GO TO (AT_Abt45)elMOOE

COMPUTE DERIVATIVES FOR THE RECTANGULAR VARIABLES OF INTEGRATION.

45 AA - GK2M/R/RSQRO

00 46 K-I,3

XOOTIK÷5) = XIK+2I

46 XOOT{K+2} • COMPAIK)-AAtXIK+S{

GO TO 54

COMPUTE THE DERIVATIVES OF THE ORBIT ELEMENTS, [AFTER RESOLVING

PERTURBATING ACCELERATION INTO CIRCUMFERENTIAL) RADIAL, NORMAL COMPONENTS)
47 CIRCuM'COMPA|3I.COSVeSINCL-COMPA{I)eBI-COMPAI2)tDI

RADIAL=COMPA(LI*AR+COMPAI2)_C|+COMPA(3)oSINVY

ZORMAL-COMPA{[).SNODEISINCL-COMPAI2)tCNOOEtSINCL+COMPA(3)oCINCL

ZN-VCIRCLDE2MLtEPAR/XIB)

ROVPPI = I./PDVR + [.

RDVA • E2MI/PDVR

XDOT(8I = 2.oR/VCIRCL_CIRCUM

IF (X(3)) 6B048_49

68 CSQRD - CIRCUM-CIRCUM

RASQRO = RAuIALoRAOIAL

DEMI = {4._CSQRD+RASQRD)_VCIRCL

TEST FOR IN-PLANE PERTURBATION.

IF (DEN1) 57,56,57

56 XDCTI3) = 8.

XOOT(AI - O.

XOOTIT) = O.

GO TO 50

57 VOV2R.VCIRCLIR/2.

XDOT{3) - SQRTF(4._CSQRD+RASQRD)/VCIRCL

XDOTIA) " VuV2R+|2.oCSQRD+RASQRO)/DEM1-RADIAL

XOOT{T) = ZN-VOV2R+i6.eCSQRDtRASQRO)/OEMIoRADIAL

GQ TO 50

49 XOOT(3) = (_INTRUoRAOIAL+(PDVR-RDVA|/X|3)DCIRCuMI/VCIRCL

XDOT(6)=ISINTRUIXI3I.RDVPPI*CIRCUM-COSTRU*RADIAL/Xi3))/VCIRCL

XOOTIT)-ZN+EPAR/VCIRCL.I(COSTRU/XI3I-2./PUVR)*RAD1AL-ISINT_U/X|3)_

IRDVPPI*CIRCuM))

50 IF(SINCL) 51,52,51

51 XOOTIS) = SINV/SINCL'ZORMAL/VCIRCL/POVR

GO TO 53

52 XOOT(S} = O.

53 XO_T(6) - CuSvIZORHAL/POVR/VCIRCL

54 RETURN

55 FORMATI4/HOKEPLERS EQUATION CONVERGENCE FAILURE, U=GIS.B,7H OELU=
IG15.8)

END
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" SUBRuuTINE EPHMRS

C SUBROUTINE EP_MRS IS CALLED TO COMPUTE THE POSITIONS OF THE PERTURBING

C BODIES RELATIVE TO THE VEHICLE AND, FROM THESEt THEIR PERTURBING ACCELERA-

C TIONS UPON THE VEHICLE. OCCA$IONALLYTHI_ ROUTINE IS CALLED FOR THE PURPOSE
G OF TRANSLATINb THE ORIGIN IN wHICH CASE ITRSFER-I| THE RELATIVE VELOCITIES

C ARE ALSO CALCULATED. IF A BDOYS POSITION IS tO BE COMPUTED FROM AN ELLIPTIC

C APPROXIMATION SUBROUTINE ELIPSE IS CALLED. OTHERWISE, THE POSIT|ON WILL BE

C CALCULATED IN EPHMRS FROM THE PRECISION TAPE EPHEMERIS. THE DO i9 LOOP

C ENCOMPASSES ALMOST THE ENTIRE EPHMRS SUBROUTINE AND ,IN EFFECTr ELIPSE TOO.

C

COMMON E

C
DIMENSION A(6OOI, BITOO)t C(6OOOl,

l QX(3), [RDDV(8I, EFMRS|TIv XPl3tB), RBI_,BI, R I8), TIMIT),

2 NEFMRS(8), TDATAI6,3,7], TDEL[7|, BMASS{8), vEFM|3eB)t DATA(Zt}

3 , TOATILBtT)

EGUIVALENCE

IIA ,C |LII,IAU ,A

2(BMA_S ,O 137")I,(DTOFFJ,A

3(i800Y ,B 177II,I_UODYS,8
6(DX ,8 78I),IR ,B

5(SDRDK tB 3SII,ISPO ,A
6|TOATA tB Z6S)|,ITOEL _B

7|TRSFER,B B)I_[VEFM ,B

EQUIVALENCE (IBFtFIBI, ITOAT,TDATA|

ZgIItIB ,C

23)),|EFMRS ,B

A2)I,|NEFMRSrB

I02)Ir|RB rE
46)),|TABLT wB

I?O)|,(TIM _B

241|),(XP ,B

[llllII,

130)),

L8§)),

193)),

ZOlIp

163I),
217II

PART 2. SET INDEXSt FIND POSITION IF ELLIPSE IS USED |NEFMRS = 20 OR UPI.

DO 19 JB=ItMBOOYS
JBI • J8_l

IBF = IBODYIJBI)

IB - XABSFiLBF)

IF INEFMRSIJB]-EO) 2tZ,l

1 CALL ELIPSE (JSl)

IF [TRSFER) 12tlZB17

PART 3. TAPE EPHEMERIS IS TO BE USED. FIND DIFFERENCE lOT) _ETWEEN

CURRENT PROBLEM TIME (DTOFFJ+TABLT) AND MIDPOINT TIME IT[M) OF CURRENTLY

STORED TAPE DATA. THEN SEE IF CURRENT DATA IS OKAY. TOEL= TIME ]NTERVAL

ON EITHER SIDE DE TiM FOR WHICH CURRENT DATA IS GOOD.

2 DT - TABL T - (TIMIJB) -OTOFFJ)

IF (ABSF(DTI-TDELIJB)] lO,lO,3

PART 4A. CURRENT DATA NOT OKAY. READ IN NEXT DATA SET. IF DT IS -*

BACK UP THE TAPE 2 RECDROS dEFDRE READING.

B IF (DT) 6,5,5

BACKSPACE 3

BACKSPACE 3

5 READ TAPE 3t (OATAiII, I-i,21I

PART 6B. IF THIS DATA IS FOR A BODY IN THE BNAHE LISTt STONE IT.

(IF NOT STOKEDo ME MIGHT HAVE TO RETURN FOR |To) IF ELLIPSE OATA IS

PROVIDED FOK THE BODY FOUNDp BY-PASS THE TAPE DATA AND READ IN NEXT SET.

DO ? J • I,MBDDYS

IF I(DATA(II_EFMRS(J)) t[-(DATAIL]°EFHR$|J|))) Tt6g7

6 IF (NEFHRSIJ)-ED) 8,8,3
T CONTINUE

GO TO 3

PART 6C. MOVE THE DATA INTO PLACE AND THEN GO BACK AND SEE IF IT IS OKAY.

B TIMId) - DATA|Z)

TOELIJ| - DATAI3I

OD 9 Jd=l,18
TOATIJJ,J) • DATA(JJ_3I

9 CONTINUE

GO TO 2

PART 5. CURRENT DATA IS OKAY. GET RO_ITION PROM THE POLONOMIAL

p - A + BX + CXeeE ÷ OX*e3 ÷ EXte4 • FXo_5.

lO O0 I| Kmit3
XPIK_JB_) " TDATAI1,K,JB)

00 II KT-2_b

XPIKtJBI| - XPIKeJBI)* DT +TDATAIKToK_UBI

11 CONTINUE
IF ITRSFER) IZ_IZ_L5

PART 6. COMPUTE DISTANCE FROM REFERENCE AND FROM ROCKET •

12 O0 i3 K=i,3

XPIK_JBI] = XPIK_IB| ÷XP(K,JBI)*S_GNFIAU,FIBI

13 RBIK_JB1] _ RBIKml) - XPIKeJ_II

PART T. COMPUTE PERTURBING ACCELERATIONS {QXI. 619_306=2-•22 IS REMOVED
TO PREVENT OVERFLOW. 2068=2e_11 AND 8589936592=2**33 RESTORE THE SCALE.

PRSQRD • (R_ILtJBI)**2 + RB{2,JB[}**2 + RBIB,JBlI**E)/_196306,

RRELL " SDRIFIPRS_RD)
RS_RD • ( XPIt,JBII*_2 ÷ XPI2,JE1]eeZ ÷ XPI)eJBl#_e2)/4196306.

RCUBE = RSQRO • S_RTF(R SQRO)

PRCUBE • PRS_RO • RRELL

R{JBII = RRELL*ZO6B.
DO 14 K=1,3

16 QK(Ki-SQRDK • BMASS(JBI) * ((XP(KtJB|)/RCUBEI + RBIK,JBL)/PRCU_EI/

1 85899B6592o ÷ QX[K]

GO TO 19

PART 8° COMPUTE VELOCITY FROM V • B ÷ 2CX ÷ 3DX•e2 ÷ 6EXe*3 + _FX_e¢

AND FROM REFERENCE BODY vELOCITY [VEFM(I8)I.

|5 DO 16 K=1_3

VEFMIK,JBII = O.
DO 16 KT'I_5

16 vEFMIK,J81] • [VEFNiK,JBL)*OT+TOATA(KTtK,JBI_FLOATF[-KT+bI)

17 DO 1B K=L_3

|8 VEFMIK*JBI] • VEFMIK*|B) + VEFMIK,JBi )eSIGNE[AU/SPO'F[BI

GO TO 12

19 CONTINUE
RETURN

ENO

52



SUBROUTINE EXTRA

C

C THIS ROUTINE IS EXECUTED BETWEEN FLIGHTS AND MAY THEREFORE BE EXPANOEO TO

C DO ACDITIONAL COMPUTATION BETWEEN SUCCESSIVE FLIGHTS.

C

COMMON C

C

DIMENSION AI600), B(7OO)t C(4000}
C

EQUIVALENCE

LIA vC l iLlltlB _C (ILLLI),(QMAX ,B ( 66)),

2[SIGNALtB I 3L})

SIGNAL - 0.

QMAX - 8,

RETURN

END

SUBROUTINE EXTRAS

THIS ROUTINE IS EXECUTED BETWEEN STAGES AND HAY THEREFORE BE EXPANDED TO

DO CALCULATIONS BETWEEN SUCCESSIVE STAGES OF A FLIGHT.

RETURN

END

SUBROUTINE ELIPSE IJBI)

C THIS SUBROUTINE IS CALLED FROM EPHNRS TO COMPUTE THE POSITION OF A BODY

C USING APPROXIMATE ELLIPTIC DATA. THE VELOCITY IS ALSO COMPUTED IF THE

C ORIGIN IS BEING TRANSLATED ITRSFER-[.O). THE ELLIPSE DATA IS REAU PROM

C INPUT CARDS AND ORGANIZED IN SUBROUTINE ORDER. TRO IS TIME SINCE PERIHELION

C PASSAGEt ZM IS MEAN ANOMALY, U IS ECCENTRIC ANOMALY.

C TDATA ARRAY - IK) SEMILATUS RECTUM IR_7) PERIOD

C IK÷I) ECCENTRICITY IK_8I SIN OHEGA

C (K_2) OMEGA (K_9| SIN NOUE

C iK*3) NODE IK_|O) SIN INCLINATION

{ (K+A) INCLINATION (K+[II COS OMEGA

C (KeS) JD OF PERIHELION IK_12) COS NODE

C (Ke6) FRACTIONAL PART OF (K+S) (K÷L3) COS INCLINATION

C

COMMON C

C

DIMENSION AIAOO)e 8[TOOJp CIAOOO)p

1 XPI3oBlt VEFM(3pB)_ TUATA(I2I)

C

EQUIVALENCE

IIA ,C ( III),IB ,C (1LLIII,ICONSU ,A { 31)),

2(OTOFFJtA ( 23))tITABLT ,B ( 20)),ITOATA _B [ 2651)_

3(TRSFERt8 ( B)),IVEFM tB ( 261)}tIXP ,B [ 217|)

C

K - IBtIJBI-2)÷L

TPD = (DTOFFJ-TDATA(KeS))eITABLT-TDATAIKe6))

ZN = 6,283LB533/TOATAIK+7)

ZM - ZN_MOUF|TPO,TDATA(K_7))
C

C GET THE SINE(SINTRU) AND THE COSINE (CDSTRU) OF THE TRUE ANOMALY

C BY ITERATING KEPLERS EQUATION. THEN COMPUTE XtYpZ |XPl,

U - ZM_TDATA[KeZ|eSINFIZHI_.SoTDATA(K÷Z)-eZ,SINF(2.eZM)

DO l J=l,lO

OELM - ZH-U÷TDATAIK÷I)*SINFIUI

OELU • OELH/[L.-TDATA[K÷|)eCOSF(UI)

U = U_DELU

IF IABSF(DELH)-CONSU) 2t2el

I CONTINUE

2 COSU = COSF(u)

DENOM • 1.-TDATA(K÷_)eCOSU

COSTRU - {CUSU-TDATAIK+III/DENOM

R - TDATA(KJ/II.tIOATA(KeZIoCOSTRU|

S|NTRU = SQRTFII.-TDATAIK÷LIe*2)eSINF(UJ/DENOM

SIHV - SINTRUeTDATA(K_|I)_COSTRUeTOATA(KtB)

GOSV _ COSTKUeTOATAIK_|I|-SINTRUoTOATAIK÷8)

XPII,JB[) - Re[COSVeTDATAIK÷I2)-SINV_TOATA(KegI.TOATA(K+I3]}

XPI2tJB|) i Re{COSVoTOATA(K_9)eSINVeTDATAiK+I2)eTDATA(R÷|3)I

XP|30JB[) = ReSINVeTOATAIK+IO)

IF (TRSFER) 3tAp3

C

C COMPUTE THE VELOCITIES FOR THE TRSFER OF ORIGIN.

3 EX = TDATA(K_L)oTOATAIR_BI÷SINV

FX - TOATAIKtZ)eTOATAIKeII|+COSV

CPACT - ZNQTOATA|K)/(SQRTFI(I.-TDATAiK*I]oe2)oD3I)

AX - EXeTDATA|K÷I2)_FXITDATAiK_9)oTOATA(K÷[3)

BX = FXITDATAIK÷I2I*TDATA[K+I3)-EXITDATAIK+9|

VEFM(IoJB[) = -AX*CFACT

VEFHI2mJSI) - BXICFACT

VEFH(31JS[) - FXeGFACTeTDATA(K_IO)

RETURN

END
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RIM SUBROUTINE EXAO0 (A,BpC)
REM THIS RUUTINE WILL ADD IN DOUBLE PRECISION A QUANTITY C TO THE DOUBLE

REM PRECISION VARIABLE AeB WHERE A IS THE MOST SIGNIFICANT PART ANO B IS

REN THE LEAST SIGN|FICIANT PART.

ENTRY EXAOO

COMMON -206

QI COMMON 1

QZ COMMON |

TEMPI COMMON |

TEMP2 COMMON 1

HTR

BCI I,EXAOD

SXD o-_,!

SXD .-¢,2

EXADD SXD *-4,4

CLAo lr_

FAD* 3p4

STQ Qi

FAD. 2,0

STQ Q2

FAD ql

STQ Q1

STO TEMPI

CLA Q1

FAD Q2

STO TEHP2

FAD TEMPZ

FAD TEMP[

STQ QI

FSB TEMP2

STO. 1,_

STG Q2

CkA ql

FAD Q2

STO. 2,4

TRA 6t¢

END

SUBROUTINE ICAO

C 6UBROUTINE ICAO DETERMINES THE ATMOSPHERIC TEMP_RATUREp PRESSURE1 AND

C OENS|TV AS A FUNCTION OF ALTITUDE ABOVE THE EARTH IN ACCORDANCE WITH

C THE 1962 U.S. STANDARD ATMOSPHERE (ICAO TO 20 KM.|. A SHORT PAP

C PROGRAM FOLLOWS ICAO WHICH PROVIDES A MEANS OF LOADING DATA INTO MACHINE.

C IT MUST BE LOADED DIRECTLY AFTER ICAO. IF THE LENGTH OF ICAD IS CHANGEDp

C THE DATA MUST BE RELOCATED.

£

C R [_ DISTANCE TO CENTER OF EARTH IN METERS.

C ALT IS VEHICLE ALTITUDE ABOVE EARTH IN METERS.

G TABLE H IS METERS OF ALTITUDE FROM THE EARTHS SURFACE AN_ IS

C THE ARGUMENT OF ATMOSPHERE PROPERTY TABLE.

C AIM iS THE MEAN SLOPE OF THE TABLE H VS. TM CURVE AT TABLE Ho

C TMR IS TM AT TABLE H.

C REF P I$ THE PRESSURE |N MILLIBARS AT TABLE H.

C TM IS THE TEMPERATURE TIMES STD. MOLECULAR _EIGHT / ACTUAL

C MOLECULAR MEIGHT. DEGREES KELVIN.

C PRESS I$ PRESSURE |N MILLIBARS.

G DNSITY IS DENSITY IN KILOGRAMS PER CUBIC METER.

C HEIGHT IS EITHER GEOPOTENTIAL ALTITUDE OR GEOMETRIC ALTITUDE IN METERS.

C

COMMON C

C

DIMENSION A|60O), B[?OO)p C(400O),

1 TABLEH|23]t TMR(23), REFP(23), ALMI23] , RB(3I

C

EQU|VALENCE

IIA ,C I ).1]) I IALT tA [ 6))bIB ,C (llLtl|t

2IONSITY,B l 291I, (0BLATNtA I _tO) l,

3IPRESS ,B ( 331),IR pB ( lO2IItlRB ,B ( 1931Iw

_(RE ,A ( 25)),(TABLT ,B ( 20)I, (TM ,B ( 34]17

S(RESQRO,B ( 7))

EQUIVALENCE (TABLEH(2A] tTMR) , I TABLEHIBT) ,ALM| e (TABLEH[ TO) ,BEFP|

C

If: (OBLATN) 102,IOI,lOZ

lOl ALT = R - RE

GO TO 103

103 ALT = R-b35bTB3.2BISQRTF(.9933065TB3_'.OO6693621685(RB(3)/R]'eZ)

103 IF (ALT-9OOOO.) [OSwlO4tlO6

lO_ HEIGHT = ACT

GO TO tOf.

[05 HEIGHT = ALT/|L.O_-ALT/6356766.]

106 K=K

C

C FIND THE HEIGHT IN A TABLE OF BASE DATA. DATA ARE

C ARRANGED IN OECENOING ALT WITH ZI REGIONS. ABOVE tHAT, PRESSURE _NO

C DENSITY ARE SET = O. TEMPERATURE IS SET TO 3000.

1 IF (K-22) 2o6w6

2 IF (HE|GIAT-TABL_EH(K+||I 5t3,3

3 K • K÷I

GO TO I

6 K - K-1

5 IF (K) TTTtb
6 HINC = HEIG.T - TABLEH(K)

IF IH INC) 4,8,B

7 K= 1

B IF (ALN(K)) gelOO_g
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C CONTROL COMES HERE FOR NONISOTHERMAL LAYERS

9 TM = TMR(_] + ALHIKIQH INC

IF {ALT-90OOO.) 107,107,[08

I07 PRESS - REFPIK)o(TMR[K]/TM)*o(.O)4i63[D&7/ALM{K))

GO TO I0

lOB IF (K-KC) 109,110,109

109 KC = K

C| = RE+TABLEH(KI

C2 - TMRIKIIALM(KI

C3 - [.I(C1-C2)

C6 " -.0341631947.RESQRD*C)/ALMIKI

110 PRESS - REFP[K)*EXPF(C4e(CJ.LOGF(CI*(HINC/CZ+Z.I/(RE+HEIGHT)]-

I HINC/CII(RE+HEIGHT)))

10 ONSITY - PRESS/TH/2.B7053OT2

GO TO 13

C

C CONTROL COMES HERE FOR ISOTHERMAL LAYERS

100 IF (K-22) 11,I2,12

LL TM = TMRIK(

PRESS - REFP(K)eEXPFI-.O3_I631947oHINC/TMR(KI#

GO TO 10

C

C CONTROL COMES HERE FOR EXTREME ALTITUDES

12 PRESS = O.O

DNSITY - 0.0

TM m 3000.

X3 RETURN

AI

A2

A3

A4

ENO

REM THIS IS THE FAP PROGRAM WHICH LOADS ICAO DATA INTO MACHINE.

REM THE 2Sb IN DRG 25_ wAS FOUND BY SUBTRACTING 22 FROM THE DEC LOCATION

REM OF REF P (FROM FAP LISTING OF ICADt THIS WAS FOUND TO BE 278).

REH THUS, ZTB-22=Z56. DISCARD THE FIRST TWO BINARY CARDS AFTER ASSEHBLY
REM AND PLACE REMAINING CARDS IMMEDIATELY BEHIND ICAO _]NARY DECK.

REM

REM A| I_ REF P(23)

REM A2 IS ALM(23}

REM A3 15 TMR(23]

REM A6 IS TABLE H(23]

REM

ORG 256

DEC D.tI.L_IBE-gtJ.4SOZE-9,I.O957E-BtB.OJOkE-BtI,BB38E-7

DEC 6.DBD4E-7,I.6852E-6tZ.Tg26E-6,3.6qkJE-6,5.O617E-6,Z*52|7E-S

DEC 7.3544_-Sw_.DO75E-kpL.6438E-3,.OIO377,.IB2099,.590005

DEC l. IOqOS,B.6BOl_,54.T_BTt226.320,IO]3.25

DEC O. rO.,.OOlI_.OOITe.'_OZ6_-OO33y-OOB_-OOSt-OOTtoO|r'OLSf "02t'OI

DEC .OOSj.OOJpO.,-.OO4t-.OO2tO.,oOO28,.OOI,O.,-.O065

DEC O.,2TOO.65,259O.6S,_42O.65,2160.65, I83Oo65, lSSO.65tL3SO.b5

DEC 1210.6_,IllO.65,q6_.bS,360.65r260°bSpZlO.6Sl|BO.ES, iBO.65

OEC Z52.bSp2TO.65,27O.65,22B.65,216.ES,216.bS,28B-15

DEC [EJD,7ESw6EStSES_4ES,JES,2oJES,I.gES,h7EStI-BES,I.SES,L.ZE_

DEC I.]EStLES,.DES,7qO_O.tB|OOO.tS2OOO.,4TOOD.,32DO0.,20000.

DEC IIOOO. pO.

END

SUBROUTINE NBODY

NBODY COMPUTES THE TRAJECTORY IN EITHER ORBIT ELEMENTS OR RECTANGULAR

COORDINATES USING THE R_GE-KUTTA TECHNIQUE. A LOWER ORDER INTEGRATION

TECHNIQUE I_ ALSO PERFORMED TO FACILITATE AUTOMATIC STEP SIZE CONTROL.

THE XtXPRIM,XOOTrXINC,ETC. ARRAYS ARE AS FOLLOWS.

C

C

C

C

C

C

C X ORBIT ELEMENTS RECTANGULAR COORBINATES

C

C 1 TIME TIME

C 2 MASS MASS

C 3 ECCENTRICITY X-VELOCITY

C 6 ARGUMENT OF PERICENTER Y-VELOCITY

C 5 ARGUMENT OF ASC. NODE Z-VELOCITY

C 6 INCLINATION X

C 7 MEAN ANOMALY Y

C 8 SEMILATUS RECTUM Z

C

C IMODE VARIABLES

C | ORBIT ELEMENTS

C 2 RECTANGULAR

C 3 RECTANGULAR TEMPORARY

C 4 EARTH SPHERICAL--CHANGE TO RECTANGULAR

C -I ORBIT ELEMENTS--CHANGE TO RECTANGULAR

C -2 RECTANGULAR--CHANG: TO ORBIT ELEMENTS

C -3 ORBIT ELEMENTS--CHANGE TO TEMPORARY RECJANGULAR

C -4 EARTH SPHERICAL -- CHANGE TO ORBIT ELEMENTS

C

COMMON C

C

DIMENSION AI6OO)t B(TOO}p C(40DOIt

l XPRIM [[OOt2|m XFRIMB (lOOt2), XDOTP_ (IOO_2),

2 X (LOOT, XINC (lO0), OLOINC {LO0)_

3 XOOT IiOO), RB (3), XK [IO0]_

4 AMC (_), AK (3)_ AW I_),

S XWHOLE (EIe VX (31, BEX [I_)
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EQUIVALENCE

](A ,C

2[ACOEFZtB

3(AK _A
klAN ,B

5(B tC

6IDONE tB

7(ERLIMTtA

_IGKZM _B

9(]NDERR,B

EQUIVALENCE

lINED ,A

2(GNAX _B

3(REVS IA

4(STEPGOtA

5(TRU _B

6(VX ,B

7IXPRIN tC

8IX ,B

9(Q .B

[ [I))pIAI ,B

[ IZ))e[ACDEF2,B

( 5|))pIAMC _B

I 9O) I_(ASVNPTjA

IIII[))pICONSTU,A

| 39l),IE2 tB

I 14))_IETOL ,A

I 3hilt[H2 fB

I 5III,IKSUB tB

2I),[NSTART,B

4_))_IRATIO tB

4811,1R _B

41I)eISTEPNOIA

¢OJ|_[TTEST eA

92I)IIXOQT vB

7IIIIt[XPRIMBoC

6OLIIe[ERLDG ,B

5911,|OUTPOT,B

lOI)tiA2 ,B

13))tiACOEF3_6

BTI)tiAH$_RD,B

71),rAW ,A

321),[DELT ,B

1BI)t[EMONE _

301),|EXMOOE,B

15I),{INOOE pA

19II,INBDOVS*B

241),|DLDOEL,B

581)t[RB ,B

1021|,[STEPMX,A

42)),|TRSFER,B

54II,[VS_RD ,_

50I))t{XINC ,B

qlII)t[XWHOLE,B

17))tIEREF ,A

3991l

llIlf
16lit

91l),

55]I_

11)_

2Bill

27l),

Ill,

42II

I ql|,

I 1931},

( 161J,

I BII,

I 96ll,

( 601l|,

| llOllt

I 13||,

C

C PART |. SET UP THE STARTING SEQUENCE FOR ERROR CONTROL ANO DELAY CHECKING

C THE ERROR UNTIL TWO STEPS ARE COMPLETED. THE ASSIGNED GO TOS N_TART AND

C IBEGIN CONTROL STARTING.

NEQ - NEQ

I O0 2 J=ItNEw

XPRINIJ,2) = XPRIMIJ,L)

XPRIMBiJt2] - XPRIHB(Jtl)

2 XIJ) = XPRIHIJ,1)
NSTART - O

TRSFEB - O.

HZ - OELT

DELT = OELT/2.

220 CALL EQUATE

IF [0UTPDTI 222;221t222

221 CALL OUTPUT

222 DO 3 J-l,3

XWHOLEIJI-VX(JI

3 XWHOLE{J_3I - RB{J!

C CHANGE INTEGRATION VARIABLES IF IMOOE IS -.

IF [IMOOE) k,},5

4 CALL TESTTR

GO TO 1

5 CALL TESTTR

IF ITRSFER) |,205_1

205 ASSIGN 21 TU NSTART

C STATEMENTS T TO g INITIALIZE NREVI AND NREV2 FOR USE IN PART TA.

IF |RBI2)) 7,EBB

6 [FIVXl2)) T,8,8

I AS[IGN 37 TO NREVI

ASSIGN 35 TO NREV2

GO TO 9

8 ASSIGN 33 TU NREVL
ASGIGN 37 TO NREV2

9 DO 10 J=L,NEQ

XOOTPNIJtl) = XOOTIJI
XINCIJI - O.

]O CONTINUE

|1KSUB • [

ASSIGN 16 TO N

C

C PART 2- RUNGE-KUTTA SUBINTERVAL SCHEME. EQUATE PRODUCES THE NECCE$SARY
C DERIVATIVES XDOTIJ).

l_ DO [] J-[tNb_
XKlJI - XOGTIJ) • DELT

WINE(J} • XtNC[J) • AHKKSUBIeXKKJ|

l) XKJ] = XPRIMIJ,2) ÷ AKIKSUBI*XKIJ]

14 CALL EQUATE

15 GO TO Nt|IbtI7tL8,20)

C

C PART 3. SUBINTERVALS 2, 3, AND A, TO STATEMENT 19 FINISH A

C RUNGE-KUTTA STEP AND INCREMENT XPRIMIJt2I IN DOUBLE PRECISION.

16 |SUB = 2

ASSIGN iT TO N

GO TO 12

17 KSUB - ]

ASSIGN 18 TUN

GO TQ 12

IB DO 19 J-1,NEQ

XINCIJ| • XtNC(J| ÷ AW(k) *XDOT[JI * DELT

lBO CALL EXAOOiXPRIMIJ,2), XPRIMB[J,2), XINCIJ}]

XIJ) - XPRIN(J,2}

L9 CONTINUE

C

C PART 4, BEGIN A NEW RUNGA-KUTTA STEP. THIS ALSO GIVES DERIVATIVES

C FOR THE LOWER ORDER INTEGRATION CHECK.

ASSIGN 20 TO N

GO TO 14

20 GO TO NSTARItI2Tt23t211

C

C PART 5. STARTING PHASE PROGRAM.

C PART 5A. THIS SECTION COMPLETES THE FIRST STEP OF STARTING PHASE.

2_ ASSIGN 23 TO NSTART

DO 22 J=I,NEG

OLDINC(jI-XINCIJ]

XINCiJ)=O.

XDDTPNKJ,2} = XDOTIJI

22 CONTINUE

GO TO 11
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C PART 5B. MAX ERROR TEST--START[NG ONLY--CHECK THE MAX ERROR ANU

C EITHER ENTER RUNNING MODE OR REPEAT START WITH SMALLER STEP.

23 00 2A J-ZtNEG

Z4 XINC(J} =(X[NCIJ)÷0LDINCIJ])*3.-IXOOTPMIJ,IIeXDOTPM[JrZI'4.

IeXOOTIJIIeD_LT

240 CALL ERRDRZ

25 IFIE2-ERLINT) 26tZ6,56

Z6 ASSIGN 27 TO NSTART

ASSIGN 1| TU IBEG|N

AI - A2

GO TO 31

C

C PART 6* RUNNING PHASE PROGRAM°

C PART 6A° CHECK THE INTEGRAT|ON BY INTEGRATING OVER THE LAST

C RUNGE KUTTA STEP BUT USE DOTS FOR LAST TWO iNTERVALS, OLDDEL

C AND DELT RESPECTIVELY. STATENENT 2B IS THE LOWER INTEGRATION

C H[NUS RUNGE-KUTTA INCREMENTS. ERRORZ COMPUTES THE MAX(MUM RELATIVE

C ERROR AND _TATEMENT 29 TESTS THIS ERROR AGAINST THE LIMIT VALUE.

27 RATIO = OELT/OLOOEL

HFACT=OELTJII,_RATIOI

ACOEFL=-RAT|O*RATIOmHFACT

ACOEP2=RATID-(OELTt].eOLODEL)

ACOEFI=OELTeOELT+HFAGT

00 28 J-2,NEQ

28 XINCKJ) • ACDEFXeXDOTPNIJ,|I+ACOEFZ*XDOTPMIJ_ZI-b-eXINC[J)

[_ACOEFJeXOOT(J]

280 CALL ERRORZ

29 IF IE2-ERLINT) 30,30,57

C
C PART 7A, LA_T POINT OKAY, COUNT THE REVOLUTIONS PAST THE X-AXIS.

C A STEP GREATER THAN 1/2 REV, MAY FAIL TO ADO IN.

30 H2 = 0ELT

3| QMAX - NAXIFIQ,QMAX)

IF(RB(2)I 3_,34_34

32 GO TO NREVIe (37_33)
33 ASSIGN 3T TO NREV[

ASSIGN 35 TU NREV2

GO TO 37

34 GO TO NREV2, 13Te35)
35 ASSIGN 33 TO NflEVI

ASSIGN 37 TO NREVZ

36 REVS - REV$ + I,

37 IF (XAESFIIHOOE)-I) k2,IB,42

C

C PART 7B. IN ORBIT ELEMENTS. ADJUST ARGUMENT OF PERICENTER AND MEAN ANOMALY

C TO ÷ OR - PI TO MAINTAIN ACCURACY IN SIN-COS ROUTINES.

3B IF IEMONE) }Rr42t42

39 DO AL J•4t7,3

AOJZ-INTFIXPRIMIJ,ZI/b.28318532_SIGNFI.5tXPR[RTJpZ_¥L-
IF (ADJZ) 40,41,40

40 ADJ3 - -ADJZ*6.28125

400 CALL EXAODIXPRIM(J,ZI,XPRIMBIJ,ZI,AOJ3I

ADJ3--AOJ2*.OOI9353072

401 CALL EKAODIXPRIM(J,2I,XPRINBIJ,2I,AOJII

41 CONTINUE

C
C PART 7C, ADVANCE THE REMAINING PARAMETERSp FINO NEW STEP SIZE,

C AND TEST FOR AN ORIGIN TRANSLATION.

62 O0 43 K-I,(

XWHOLE(K(=VXIKI

43 XWHOLE(K*II - RB(K)

00 44 J-t,NEQ

XDOTPMIJ,II = XOOTPRIJ,2)

XOOTPM(J,Z] • XDOTIJI

XPRIMIJ,ZI • XPR[NIJ,2)

XPRIMBIJ_I! • XPR[MBIJ_Z)

KING(J) = O.

44 CONTINUE

OLOOEL • OELT

45 CALL STEP

IF (00NEI 67,A50p67

450 IF (NSTART] 451,1,451

45[ IF (MBOOYSI 46,ATe46

46 CALL TESTTR

IF (TRSFERI [tATp[

AT IF (XABSFI[HQDEI-J) II,kB,1l

C

C PART TO, IF IN TEMPORARY RECTANGULAR COOROINATES, TEST FOR RETURN

C TO ORBIT ELEMENTS. F]RSTI E IS FOUNO. IF TIME HAS NOT ADVANCED

G SUFFICIENTLT_ INTEGRATION CONTINUES IN RECTANGULAR VARIABLES (STATE. 4B].

C STATEMENT 49 DETERMINES IF KEPLERS EQUATION CAUSED IMOOE = 3. IF NOT,

C AN E CLOSE TO I CHECK IS MADE IN STATEMENT 50. IF IT OIDj RECTANGULAR

C VARIABLES wILL BE USED IF THE LIMIT IS TOO SMALL ISTATEMENT 52I, OR

C IF E IS 5 OR GREATER (STATEMENT 53I OR IF THE PATH LIES CLOSE TO AN

C ASYMPTOTE (_TATEMENT 55].

48 CALL CONVT| (VX_AMC)

EXMOOE=SQRTF(E.÷AMSQRD/GK2RtIVSQRO/GKZN-2./RII
EMONE-EXMOOE-|.

IF IIXPRIM[I)-TTEST]eDELT) llrllpA9

4g IF IASYHPT) 5ltSO,Sl

50 IF IETOL-ABSFIEMONE]] 55t1(,|[

51 IFIEMONE) 55,55,52

52 IFICONSTU-I.E-T) L1_53,53

53 IF (EKMOOE-5.) 5%11,II

54 CALL CONVT2

IF IABSFITRUI-Z*2/SQRTF|EXMOOEI) 55,55,11

55 ASYMPT = 0,0

[RODE=-2

555 CALL TESTTR

GO TO I
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C

C

C

56
57

PART B. COMES HERE WHEN ERROR TEST FAILED--_OTH STARTING ANO RUN.

RETRIEVE OLU POINT ANO RECOMPUTE WITH SMALLER INTERVAL.

IF TWO CONSECUTIVE TRYS FAIL (STATEMENT 59) THE STARTING SEQUENCE OCCURS.

ASSIGN I TO IBEGIN

DO SB JtI,NEQ

XPRIMIJ,2) = XPRIH(J,[I

XPRINBIJ,2) = XPR]MBIJ,[)

xOOT(J)=XOOTPN(J,21

XINCIJ)- O.

58 CONTINUE

STEPNO=STEPNO_!.

H2 - OELT

OELT=SIGNF(EXPFIIERLDG-A2)/5.ItDELT)

AZ -AI

59 IF (FAIL-STEPGD) 60,61,60

60 FAIL - STEPGO

GO TO IBEG[N, 1|1,1)

61 ASSIGN I TO IBEGIN
IF ISTEPNO + STEPGO - STERMXI 62,62,45

62 GO TO [BEGIN, Itltl)

G
C PART 10. PRINT OUT THE ERRORINFO. IF EREF HAS A - SIGN. THEN RETURN.

67 IF (EREF) 68,TZ,72

6B wRITE OUTPut TAPE 6,TO

REWIND 4

00 69 I-I,INOERR

READ TAPE 6, BEX

69 WRITE OUTPUI TAPE 61TL,BEX

REWIND

INOERR - 0

70 FORMATITH| STEPt6XtBHTIMEtBXfBHOELTwTXv2HA2vBXt2HE2pTX,AHMASS,6Xe

16HEtVXIAXwBMOMEGAeVYt2X,BHNOOES_VZ,IX,BHINCLtXeSXpBHMAeYtBX,)HP,Zw

24XtIHK//|
T| FORMAT(FS.t[H÷FI.,IP[|GIO.2eI2)

72 RETURN

ENO
SUBROUTINE OROER

C THIS ROUTINE TAKES THE BODY LIST READ FROM CARDS AND SORTS THEM IN

C ORDER SO THAT THE OISTANCE FROM THE REFERENCE TO EACH BOOY IS

G DEPENDENT UPON ALREADY COMPUTED DISTANCES ONLY.

C

C ELLIPSE DATA ARE READ INTO A BLOCK OF 120 STORES RESERVED FOR

C TEN ELLIPSES. ONE ELLIPSE IS READ INTO A 12 STORE BLOCR.

C THE SINES AND COSINES OF THE 3 ANGLES ARE COMPUTED AND STORED

C IN THE TDATA ARRAY ALONG WITH THE REST OF THE ELLIPSE DATA,

C A BLOCK IS ARRANGED AS FOLLOWS'

C

C (1I - NAME OF BODY IN BCDrQNLY 6 CHARACTERS.

C (2) • NAME UF REFERENCE BOOY IN BCD, SAME RESTRICTION.

C (3] - MASS OF THE BODY IN SUN MASS UNITS.
C (63 - RADUI_ INSIDE OF WHICH COORDINATES WILL BE TRANSLATED TO THIS BODY.

C (5) = SEMILATUS RECTUM IN ASTRONOMICAL UNITS.

C (6] - ECCENTRICITY OF THE ORBIT.

C (BI = LONGITUDE OF ASCENOING NODE.

C IT) = ARGUMENT OF PERIHELION.

C (9) • INCLINATION OF THE ORBIT.

C (|0)- PERIGEE PASSAGE JULIAN DAY.

C (I1)" PERIGEE PASSAGE FRACTION OF DAY.

C ll2)- PERIOD OF THE ELLIPSE IN MEAN SOLAR DAYS.

C

C AMASS • NA_S OF EACH BODYe SUN MASSES. ORDER OF PNAME.

C BMASS - SELECTED FROM AMASS. CORRESPONDS TO BNAME LIST.

C BNAME - THE ORDERED LIST OF BCO BODY NAMES. CAN BE USED IN OUTPUT.COMMON.

C BOOYCO = TH_ ORIGINAL BED NAMES READ FROM CARDS.

C BODY L - THE LIST OF BCO BODY NAMES WITH THE REFERENCE BODY AT TOP.

C INITIALLY EQUAL TO BODY CARD LIST (BOOYCDI.

C IBOOY - ARRAY OF SUBSCRIPTS. WHEN A DISTANCE IS FOUND FROM EPHEMERISF IT

C MAY BE ADDED fOR SUBTRACTED) FROM THE BUOY POSITION GIVEN BY

C XPIIBOOY) TO OBTAIN THE POSITION OF THE PRESENT BOOY. COMMON.

C KZERO - COUNT OF ZERO REFERENCES. THERE MUST BE ONE AND ONLY ONE ZERO.

C FROM LOCATION IN BNAME LIST. NOT IN COMMON.

C MANE - ARRAY OF SUBSCRIPTS. INVERSE OF NAME. GIVES NEW LOCATION OF

C BNAME LIST IN TERMS OF BOOYL. NOT IN COMMON.

C NBOOYS = COUNTED ]NTERNALY. TOTAL NUMBER OF BODYS.

C MBODYS - COMPUTED INTERNALY. TOTAL NUMBER OF EPHEMERIDES (NBOOYS-I).

C NAME - ARRAY OF SUBSCRIPTS. GIVES OLD LOCATION OF NAMES IN BDUYL

C NEFMRS = ARRAY OF SUBSCRIPTS. GIVES LOCATION OF BOOY IN ,NAME LIST

C IN TERMS OF THE EFMRS LIST. STOREO IN COMMON.

C NREFER - ARRAY OF SUBSCRIPTS. LOCATES THE REFERENCE BODY IN BODYL.

C DRuER OF THE ARRAY CORRESPONDS TO BDDYL. NOT IN COMMON.

C NNREFR = ARRAY OF SUBSCRIPTS. LIKE NREFER But REFERS AND CORRESPONDS TO

C BNAME LIST. NOT IN COMMON.
C PNAME = A PERMANENT LIST DF BCD BODY NAMES. ! WORD EACH I6 CHARACTERS

C MAIl. USED TO IDENTIFY MASS, REFERENCE NAMES, ETC. THE LIST IS

C A MAXIMUM OF 30 NAMES. PRECISION TAPE NAMES ARE FROM I TO 20_

C ELLIPTIC NAMES ARE FROM Zl TO 30.

C REFER = A PERMANENT LIST OF BCD BOOYS THAT ARE THE REFERENCES OF

C DISTANCES GIVEN IN EPHERMERIDES iTAPES OR ELLIPSE). CORRESPONDS

C TO PNAME LIST.

C

COMMON C

C

DIMENSION At600), BI700l, CI_OOO),

| AMASS IIOlt _MASS {Bit BNAHE [B)_

2 BODY[ I8)_ EFMRS 17)t [BODY [8)_

3 MANE iBiw NAME [B)_ NEFMRS [8)*

3 NEFMRT IBie NNREFR (B), UODYCD (B),

4 NREFER IBI, PNAME (30), RBCRIT 17)t

5 REMIT (30)v REFER (30I, TDATA [18,7),

6 TDEL (Tit TIN [T), ELIPS [IZO),

7 NOUO (91, XPRIM (200)

58



EQUIVALENCE

LIA ,C

2(AU ,A

3(BNAME ,B

6(EFMRS ,B

5(GK2M rE

6[MBOOYS,B

T[PNAME ,A

BIRBCRIT,B

9[RE ,A

EQUIVALENCE

LiROTATE,A

2[SQROK oB

3(TFILE ,A

*[xPaIM ,C

LII),(AMAS_ .A

29)),(8 ,C

1221),IBOOYCDtA

130]).[ELIPS ,A

36131(CKM ,B

42]),INBODYS_B

2871)t|RATMOS,B

I_5])tIRCRI7 ,A

251)t[RESQRO,B

( 3_))t[SPD _A

( 35])p(TOATA ,8

( 6])w(T1M tB

( 7LL))t(OUTPOT,B

EQUIVALENCE (MANEILI,NOUb(2))

I 347I ,(ATMN .A

fiLL)) ,(BMASS ,8

1433 ,(BOUYL ,8

|67) ,(FILE ,8

37) _{IBOOY ,B

_L) ,(NEFMRStB

23) ,(RATM ,A

377) ,(REFER ,A

7) ,(REVOLV,B

| `;4))tISQRDKLtA

{ 265)),(TOEL .B

[ L63)I,ITRSFER,B

I 3ee))

213),

137)),

1533),

2213,

17733,

185)),

22I),

317I),
2L))

I `;7)l,

( 1701)_

( 8)1,

C

C THIS SECTION SEES WHAT ELLIPSE OATA WAS REAO FROM CAROS AND PUTS THE

C NAMES IN PLACE SO THAT DATA WILL BE uSED IF NEEDED. ELLIPSE OATA HAS

C PRIORITY OVER TAPE DATA bECAUSE LAST DATA IN LIST IS THAT ACTUALLY uSED,

C FUNCTION COMPARF(AeBI IS EQUIVALENT TO (A-B) BUT WILL NOT OVERFLOW.
C

B COMRARF(A,B} = {A+BI*I-(A*B))

DO 2 K=|,I2U,).2

IF(ELIPSIK)) ljZtl

L KOUNT = (K-13/12.21

PNAME [ KOUNT) - ELIPSIK)

REFER[ KOUNT) • ELIFSiK+I)

AMASS[ KOUNT) = ELIPSiK+2)

RCR IT(KOUNT) = ELIPS(K_3)

2 CONTINUE

C

C PART O, THROW AWAY BLANKS AND DUPLICATES IN BNANE LIST,

C ALSO COUNT THE BODIES.

IF (TRSFER) `;v31A

3 BNAME{I) = UOOYCD(I)

`; 00 5 K=I,B

5 BNAMEIK_'I)- BOOYCL)(K)

L " 1

BOOYL{O) = O.

DO 8 I=1,9

BODYLII) = O.

DO 6 K-I,L

IF [CDMPARF (BNAME(II, BODYL(K-I))] 6,7,6
6 CONTINUE

BOOYLIL) - "_NAME(I)

L = L_I,
7 ENAMEl)) - O.

B CONTINUE

NBDDYS = L-I

MBOOYS = NBDOYS-1

C

C PART I, FINQ THE REFERENCE BODY FOR EACH BODY IN THE LIST OF BOOYS

C REAU FROM CARDS. CLEAR NREFER AND BNAME.

00 13 KL=I,NBODYS

NREFERIKL) = 0

NEFMRT { KL) =0

BNAME [KL) = O.

DO L2 KP= It30

IF (OOMPARF(BODYL(KLI,PNAMEiKP))) 12,9,12
9 NEFNRTiKL) = KP

DO Ll KR - 1,8

IF {COMPARF(REFER(KPI.BODYLIKR))) 11,10,11

lO NREFERIKL) - KR

11 CONTINUE

12 CONTINUE

13 CONTINUE

C PART 2 . COUNTS 0 REFERENCES AND SAVES TEMPORARY SET OF INUEXS.

16 IF |NBODYS) 24,26,15

15 KZEROS = 0

MISPEL = 0

DO 20 K " I,NBODYS

NNREFRIK) • NREFER(K)

16 IF (NEFMRT(_)I 18,17t18

17 MISPEL • MI:bPEL * 1

18 IFINREFERIKI) 20,19,20

19 KZEROS = KZEROS 4. I

ZO CONTINUE

21 IF iKZEROS- I) 26,22,2';

22 IF (MISPEL) 2_.p23.24

Z3 IF INBODYS-8I 28,28,2`;
C

C PART 3 • REPORTS ERRORS IN BODY LIST,

2`; WRITE OUTPUI TAPE 6,25 ,NBODYS,MISPELpKZEROS,IBODYL(KI,K=I,NBUDYS)

WRITE OUTPUT TAPE 6,26 ,|NREFERIKI_K=I,NBODYS)

WRITE OUTPUT TAPE 6,27 tiKtPNAME|K),REFER(K),K=[,3Ol

25 FORMAT (26HOGOOFY BODY LIST (NBODYS =I2tI3H, MISSPELL =12_

I 11H, KZERUS =I2,IHI/I].ttOBOOYLIST =8(3XIA61]

26 FORMAT iILH NREFER -IB,TIV]

27 FORMAT I/5(3H K3X,4HBODYAXtSHREFERSX,)/SiI3t2X_Ab,2XtA6,SX))

CALL EXIT

C

C PART Ao TRACES OUT ..REFERENCE TO BODY.. RELATIONSHIPS

2§ KK • 2

KN " 1

NAME(l) - I

29 IF )NREFERIKN)} 24,31,30

30 NAME(KK) • NNREFR(KN)

NNREFRIKN) = 0

KN • NAMEiKK)

KK • KK + L

GO TO 29
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C PART S* TRACES OUT ,.BODY TO REFERENCE.. RELATIONSHIP

31 DO 36 KN = IpNBODYS

DO 34 K = I_NBODYS

32 IF [NNREFR(K) - NAMEIKN)| )4,33,}4

33 NAMEIKK) - K

KK = KK * l

36 CONTINUE

C

C PART 6, 1NV_RTS NAME TO MANEeSTORES DNAMEw BMASSt RBCRIT, AND A

C TEMPORARY NEFNRS.

DO 35 K = I,NBODYS

N - NAME(K;

MANE(N} • K

NEF = NEFHRT(N)

BNAME[K) = PNAMEINEFI

BMASS(K) = AMASS(NEF|

RBCRIT(K) = RCRITiNEF|

NEFNRS(K] = NEF

35 CONTINUE

C

C PART 7. FIN_S NNREFR REFERENCE FOR BNAME LIST t ALSO TEMP, IBDOY

00 3B K = _, NBODYS
N = NAME(KI

NRF = NREFER(N|

NNREFR(K| = MANEiNRF)

36 IBOOY(K) • MANEINRF|

C

C PART 8 • FINDS (BODY FOR BACKWARD REFERENCE.

DO 39 K-I,8

37 ]E(NNREFR(K|I 26t40,3B

38 N • NNREFRIKI

IBDDY(N] • -K

39 CONTINUE

C IBOOY LIST 1S COMPLETE.

C

C PART 9 . WRITES OUT EPHEMERIS LIST TO RE USED IN STORING DATA AND

C MAKES FINAL NEFMRS LIST,

60 KK • 1

DO 4] K•ItNBOUY$
41 IF(NNREFR|KI) 42,_3,4Z

62 EFRRS(KK) = BNAME(K|

NEFMRSIKK| = NEFHRS{K)

KK = KK ÷ 1

43 CONTINUE

NEFHRSiNBODYS] • 0

C

C PART LO. SAVES ELLIPSE DATA

FILE = O.

IF (MBODYS) 430pABO,630

430 DO 6B K=|_MbODY$

66 IF(NEFMRS|K)-ZO) 6TwST,65

45 00 46 J=S,IZ

L = (NEFMRSIK) - ZI) * 12 +J

46 TDATA|J-4,K) = ELIP$IL)

DO 50 J-Tt9

L = [NEFMR$(K)-21I,|Z_J

TDATA|JeZpK) - S1NF(ELIPS(L))

SO TDATAIJeSpK} = COSFIELIPSILI)

GO TO 48

C

C PART IDA. LOAOS A FALSE (VERY EARLY| TAPE TIME TO FORCE TAPE

C READING BY THE EPHMRS ROUTINE. FILE = 0 UNLESS TAPE IS USED.

47 TDELIK) = 0

T[NIK) - 2600000,5

FILE = 10.

_B CONTINUE

C

C PART 11. COMPUTE GRAVITATIONAL CONSTANTS. l.OB6& E_30 = KILOGRAMS/SUN MASS

C IF ORIGIN BODY HAS AN ATMOSPHERE, SET ROTATION RATE AND ATMOSPHERE RADIUS.

C POSITION THE EPHENEAIOES TAPE AT THE BEGINNING OF THE CORRECT EPHEMERIS

C BY MATCHIN_ THE EPHEMERIS NUMBER READ FROM TAPE (FILE) WITH THE DESIRED

C EPHEMERIS NUMBER |TFILE].

C

6BO RESORD = RE,*/
SQRDK = SQRUKI*AU*e3/SPO-o2

GK2M = SQROK*(BMASS(I) + XPRIM(2)/L.qB66 E30I

GKN = SQRIF(GKZM)

REVOLV = O,

RATNOS = O.

IF (ATMN-BNAWE(|)| 51t49_51

49 REVOLV • ROTATE

RATMOS •RATM

Sl IF (FILE( 56t56t52

52 CALL BSFILE(3)

53 READ TAPE 3_ FILE

IF (FILE-TFILEI 54,56,55

54 CALL SKFILE(3|

GO TO 53

55 BACKSPACE 3

BACKSPACE 3

GO TO 52

C

C PART 12. wRITES THE BNAME LIST ON TAPE 6 ,

IF (OUTPOT) 5Bt59158
WRITE ObTPUI TAPE 6tST_BNAME|I|,|BNAMEIK|,Ks2,NBOOYS)

PERTURBING BODIES ARE

56
59

57 FORMAT (lqHOREFERENCE BODY IS A6,SX,23H

l 7(2XIA6))

5B RETURN

END
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SUBROUTINE OBLATE

THIS SUBROUTINE COMPUTES THE 08LATENESS ACCELERATIONS (OBLAT) DUE TO AN

AXIALLY SYMMETRIC EARTH. THE 2ND_ 3ROt AND 4TH SPHERICAL HARMONIC COEFF.
ARE DBLATJ, DBLATH, AND OBLATD RESPECTIVELY.

COMMON C

DIMENSION A(6OO)w BiTOO)t C(6000),
[ RB(3Jp OOLAT(3)

EQUIVALENCE

XIA tG ( [|)]t[8 *C {IXI[)),(GK2M tB ( 36))t

2108LATJ_A ( 26)),{OBLATO,A [ 27|)F(OBLATH,A I 28(),

3(OBLAT tB ( 75)|miR t8 ( XO2])tIR8 ,B I |93J)t

6IRE ,A ( 2S)),(RSQRD ,B [ 4S)),(RESQRD,8 I 71)

AA - RBI3|/R

AB - AAeAA

IF (ABSF(AA)-[.E-6) |_|_2
I AA-Oo

A8=O.

2 AC • RESQRO/RSQRO

AD • GK2M/RS_RO/ReAC

AE • OBLATJ.AO

AF - OBLATHoAOQRE/R

AG = OBLATO*AD-AC

AH t AE*IS*AB-l.)_AFe(7.AB-3. I*AA÷AG*(6.AB-9.ABte2-O.BZBST|6286)
08LAT(I) = AH*RBII}

OBLAT(2| - AH*RB(2]

OBLAT(3| - (AH"2.AE+AGeiB.AB-|.TX628571¢))*RB(3)-AF*i3.AB-O.bI.R

3 RETURN

ENO

SUBROUTINE OUTPUT

ENTS AND RECTANGULAR COORDINATES ARE OUTPUTTED. IF THE OBJECT IS NOT WITH

THIS IS THE ROUTINE WHICH FORHS THE BASIC DATA OUTPUT. UOTH ORdIT ELEM-

IN AN ATMOSPHERE (PRESS-O.), ONE LINE OF UATA IS DELETED, LIKEWISE(

ONLY THOSE PERTURBING BOD]ES PRESENT HAVE THEIR DISTANCES OUTPUTTED.

COMMON C

DIMENSION A(60O), B(700), C(4OOO),

[ R (8),

Z BNAME I8),

3 XPRIN 1200),

EQUIVALENCE

X(A eC

2IAMC t8

3(BNAME t8

6(CL tA

5(OTOFFJ*A

6(HBODYS,8

T(PRESS ,B

81PSIR ,8

9iRAMC tB

EQUIVALENCE

IIR ,B

21STEPGO,A

3(TRU rE

6IV tB

5(VZ ,B

ORBELS 16), VATH (3),

R8(3,8), DIRCOSI3,B)t

RAMC |S)

|X)),IALPHA pA

B7JI,KAM ,B

|22|)rib ,C

164)),ICOSALF,B

23)}tiH2 _B

62)),(NBOOYS,B

33|]t[P ,B

39B))tIPUSH ,A

393)|t(Rb *B

( [02)],(SINALF,B

( 6|)),ISTEPNO,A

( 60II,(VATH ,8

I 95)),IVX yB

( 94)),IXPRIM ,C

OAYJ=IOTOFFJ-2.4E6)+TASLT

ALPHA[ * ALPHA*57.2957795L

| 49)),(ALT ,A

I 90)),|AREA ,8

(I|L[)),(CD ,A

681),(COSTRU,B

15I),(IMOOE ,A

61I),IORBELS,8

BBIIpIPS[ IB

166I),(Q ,B

Ig3I),IREVS ,A

I 66)),ISINTRUe8

( 62)),[TABLT ,8

( 9TJIt(VQ t8

I 92)],(VY ,8

| ?|I)),(OUTPOT,8

4|),

6)),

1651),

53)),
1]),

116}),

30)),

SOil,

481)

I 52I},

( 20|]t

( lOOI)t

( 93)),

(399I)

REV - REVS+ARCTAN(-RBi2),-RB(|)(/6.283|8532 ÷ .S

16 CALL CONVT|(VXpAMC)

IMODE-IMODE

GO TO (2wI,IItIMODE
I CODE-6HRECTAN

18 CALL CDNVT 2

GO TO 6

2 DO 3 Ka|,6

3 ORBELSIKI = XPRIMiK*2)

CODE-SHORBIT

TRU=ARCTANi$INTRUtCOSTRu)

6 PSI = ATANF[KRB(LI*VX÷R_I2).VY_RB(3)*VZ)/AMIST.2957795

IF (OUTPOT) 19,6,19

6 WRITE OUTPUT TAPE 6, II,STEPGOtSTEPNOtORBELSII],ORBELS(2),V,RI|),8

INANE(I),CODEIINODEtXPRIMII),ORBELSI6ItTRU,VX,RB(|I,XPR|MI2},OAyJ,O

ZRBELSiS)tOR6ELS43),VY,RBI2),REV,ALPHAItPSI,ORBELSiA|,VZ,RBI3|,H2

IF WITHIN AN ATMOSPHERE COMPUTE DRAG, LIFT( Gt ETC., ANO PRINT EXTRA LINE.

19 IF (PRESS| 5,7,5

5 XIFT - Q*AREA*CL

DRAG = Q.AREAeCD

G • (PUSH-DRAGeCOSALFeXIFTeSINALF)IXPRIM|2)/9.80665

17 CALL CDNVTI(VATM_RAMC)

PSIR - ATANF((RB(II-VATH(|I_RB(2itVATM(2|_RB(3)*VATMI3))/RAMC(6](*
[ 57.2957795

IF (OUTPOT) 7,[6,7

16 MRITE OUTPUT TAPE 6,[2,ALTtPSIR,DRAG,VQ,GtPUSH
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IF PERTURBATING 800IES ARE PRESENT| FIND THEIR DISTANCES AND PRINT THEM.

7 IF(MBODYS) 8,10p8

B DO 9 J=ZpNBODYS

DO g K=I,3

9 OIRCOSIK,J) - -RBIK,JI/RIJ)

IF (OUTPOT) IO,IS,IO

IS wRITE OUTPut TAPE 6,|3,

|(BNAMEIJ|,R(J|,OIRCDSIIvJ),OIRCOSI2,JI,DIRCOS(3,J},J=Z,NBOOYS|

10 RETURN

11EORMATIBHOSTEP-F6.,2H *F4. t3X,I)HECCENTRICITY-IPGIS.BtTH OMEGA-GLS

I.RtBN V-GI§.B,3H R-GIS.B,TH REFER-A6,1X,A6,I2/BH TIME=IFGI4.7,16

2H SENILATUS R.-GIS.B,TH TRU A-GIS.B,4H VX=GXS.Bp3H X=GIS.B,7H RMAS

3S-GIS.BIgH |DAY- 2_OPFIO.6,LSH MEAN ANOMALY-IPGI5.R,TH NODE=GIS.

6B,BH VY=GIS.B,3H Y=GIS.Bt7H REVS.-GIS.B/6H ALFA=G14.7,|BH PATH A

5NGLE=GISoBtTH INCL-GI5*B,BH VZ-GIS.Bt3H Z=GIS.B,TH DELT=G[5.8I

12 FORMATI6H ALT.-IPGIB.TtI4H R PATH ANGLE-GIS.B,TH DRAG-GIS.B,BH VR

I-GIS.B,3H G=GIS.BtTH PUSH-GIS.8|

|3 FORMAT(2IIX_A6,3H R=IPGIB.T,OP3FIO.BtlIX))

END

FuNCTIDN QUAD {X,ICI

THIS ROUTINE COMPUTES ANY VARIABLE_ QUAO, AS A QUADRATIC FUNCTION OF X.

QUAD = A + BX + CXX. THERE nAY BE SEVERAL SETS OF COEFFIENTS, EACH SET

BELONGING TU A PARTICULAK REGION OF X. THE COEFN ARRAY IS ARRANGED AS --

XItA|,BI,CL,X2tA2tB2wC2,X3,A3,B3tC3,XBw ..............

WHERE AI,B1,C1 ARE THE COEFFIENTS TO BE USED FOR X BETnEEN Xl AND XZtETC.

ANO Xl IS LESS THAN X2, X2 IS LESS THAN X3, X3 IS LESS THAN XBt ETC.

IC IDENTIFItS WHICH DEPENDENT VARIABLE, QUAO, IS BEING SOUGHT.

]CCIIC) DEFINE THE STARTING LOCATIONS IN THE COEFN ARRAY FOR VARIABLES X.

COMMON C

UIWENSION A[6OOlv B[TOO), C{BOOO)_

1 CDEFNI19U)_ ICC(S)

EQUIVALENCE

|iA tC ( ll)|,(B _C IIIII}),(COEFN ,A [ 6071|,

2|ICC ,A | 153)|

I-ICC(IC|

] IF {X-COEFNIII) 2,3,3

21-1-_

GO TO 1

3 IFIX-COEFNII+B)) 5,5,6

6 I " I+6

GO TO 3

5 QUAD = COEFNII÷II_X.ICDEFN(I÷2)*XoCOEFN(I÷3))

ICCIIC)'I

RETURN

END

SUBROUTINE STAGE

C THIS ROUTINE IS CALLED TO PREPARE DATA FOR USE 1N NBOOV. STAGE DATA IS

C TAKEN FROM PERMINENT STORES AND LOADED INTO WORKING STORES. STAGE OATA

C MAY BE SET ASIDE FOR LATER USE (IF ON NSAVE-NSTAGE). WHEN IMODE IS 6,

C CONVERSION FROM EARTH-SPHERICAL TO RECTANGULAR OR ORBIT ELEMENTS TAKES

C PLACE IN TUDES.

C

COMMON C

C

OIMENSION A[BOO)t B|700|, C(6000)v

IXPRIM(2OO),xPRIMBI2OO)_T_i[O)_FLOWI(IO|vAEXITI|IO),SIMFIILD),

2AREAI(IO),OELTIIIO|,IOENTIIO),TABLE(2OOF,RMASSIIIO),D[6OO)

EQUIVALENCE

l|A ,C

Z|AREA1 ,A

3[OELTI ,A

6KDEL ,A

_[EREF fA

6(FLOW ,B

7IIMODE ,A

8INCASE ,C

9(NSTAGE,A

EQUIVALENCE

l(SINPl ,A

2(TABLE ,C

3(TTOL ,A

6(RETURN,B

11) IAEXIT ,B

LI3) |AREA ,B

133) (OELT ,B

63) iDELMAX,A

13) IERLOG _B

S) (FLOWI ,A

1) {LSTAGE,A

1) |NCASES,A

3} IPUSHO ,B

{ 93}|,|SIMP ,B

{lqlII|,KTKICK ,A

I 6S|),(XPRIMBtC

( 6OO|),(OUTPOTtB

3)),(AEXITI,A

6)),(B ,C

I)),|O ,C

19lit(DONE ,B

IT)),IEXITA ,B

83)),(IDENT ,A

38)),(MOUOUT,A

6DO))tINSAVE ,C

)91)|a(RMASSI,A

| 2))tITB ,A

{ 15I],(TMAX ,B

| 9IlII,(XPRIM ,C

[ 399)|

103)),

llllII,

21ILl),

391),

392);,

12311,

2D)),

6)),
73))

I 63l)p

( 6)),

( 7111|,
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C PART O. SAVE INITIAL UAIA 1F DES(RED. LOAD STAGE DATA INTO WORKING

D STORAGE. ALLOW AUO[TIONAL STAGE INPUT.

IF (DELl lOOtqg,lO0

99 DEL • OELHAX-TRICK
lO0 IF )NSAVE-N_TAGE) 103, IOL,103

101NCASES = NCASE

DO [02 J=l,lIO0

IOZ O|J) • AIJ)

IF IOUTPOT) |03,qT,103

9? wRITE OOTPUI TAPE b,98,NSTAGE,NCASE
98 FORMATI2gH _AVED INITIAL DAtA FOR STAGE[2,BH OF CASEIA,IH.)

L03 NSTAGE • NSIAGE
TMAX • XPRIM[II+T_)NSTAGE)

XPRIMBI2) - O.

[F [RMASSI(NSTAGEII ll7,LlT,LIB

117 XPRIM[2) - XPRIMI2)+RMAS_I(NSTAGE)

GO TO llq

118 XPRIM(2) = RMASSIINSTAOE]

119 FLOw = FLOWI(NSTAGE)

S[MP - SIMPI)NSTAGE)

AEXIT • AEXITI(NSTAGE)
AREA = AREALINSTAGE)

DELT = OELTL(NSTAGE)

IO • IDENTINSTAGEI

3 CALL INPUT I[01C,TABLE)

ERLDG = LOGF{ABSFIEREF))

TTOL • 5E-8,ABSF(TNAX)_[E-B

PUSHO • SIMPeFLOW.g,80665

EXITA • AEXITelDO.

MODOUT • MO_OUT

IF (DELTI 1_5,t04,105
[06 DELT - TBIN_TAGE)/[OO.

DELTI[NSTAGc) • DELT

[05 GG TO [LOq,lObm|OAt[Og)w MDDOUT

106 IF [OEL-CELMAX) lO8fLOBplOT

107 DEL = MOOFi_ELeOELMAX)

11_ DELT • MINIF(OELT,DELI

109 IF (XABSFIIMOOE)-4) [,110,1
liD CALL TUOES

IWCDE = XSIGNF(ZeIMODE)

l CALL NBODY

2 CALL EXTRA_

C

C PART 9. COMES HERE FOR END OF SUB TRAJECTORY.

IF IOONE) l13tlllt111

Ill DONE = O.
IF (NSTAGE-LSIAGE) I12,115,115

112 NSTAGE " NSTAGE÷L

GO TO 100

I13 DONE = O.

115 CALL EXTRA

IF (RETURN) 103,116,100

116 RETURN
END

SUBROUTINE STEP

C SUBROUTINE STEP TESTS FOR THE END OF THE PROBLEM, COMPUTES STEP SiZEe AND

C CONTROLS QUANTITY OF OUTPUT DATA, END OF PROBLEM _CCURS IF TIME = TMAXt

C STEPGO_$TEPNO = STEPMXt OR C(LOOKX) = XLOOK. THE LAST OPTION ALLOWS ST_P-

C PING ON A OLPENUENT VARIABLE. THE TEST FOR STOPPING AT XLDOK IS NOT MADE
C UNTIL CILOGKSW) ]$ GREATER THAN SWLDOK. CONTROL UN QUANTITY UF OuTPuT I_

C
C MODOOT-I OUTPUT EVERY NTH STEP(N=STEPS) UNTIL TIME = TMINp THEN

C GO TO MODE 2 •

C _ 2 OUTPUT AT INTERVALS OF DELMAX UNTIL TIME = TMAX.

C 3 OUTPUT AT INTERVALS OF OELMAX UNTIL TIME = THIN( THEN

C GO TO MODE 4 .

C A OUTPUT EgERY NTH STEP UNTIL TIME = TMAX.

C

COMMON C

DIMENSION A(bOO)e BITO0), C[_O00)_

l XPRIM[2DOl,

EQLIVALENCE

IIA _C

2{B ,C

3IDELT ,B

6lEND ,A

5([NLOOR,A

6IMCDOUTIA
7(RAT[O ,B

8ISTEPGD_A

gISZEPS ,k

EQUIVALENCE

I(TMAX ,B

2(XLOOK ,A

3(NSTART,B

DELTI (10)

II}),IAL fB

IIIX))_IDLLMAX,A

I))_IDONE ,B

S))tlERLOG ,B
599)ItILOOKSW,A

20)),INSTAGEtA

$8))eISIGNAL,B

61)[,[STEPMX,A

17)),(SwLOOR,A

I 4I),{TNIN ,A
( 12[)t(XPRIM tC

( Z4JI,ISwITCHtA

IO|)t(A2 pB

19)),(DEL ,A

39)),1E2 ,8

IT}),IH2 ,B

9)),|LOOKX ,A

)))tIOELTI ,A

31)),(SPACEStB
16))_(STEPNO,A

IO)),ITA_LE ,C

( LBII,(TTOL _A

( 71LII,IXTOL ,A

(60III,(OUTPDT,B

CHECKFIAtB*C[ • ABSF(A-B) - ABSF(A-C)

11)),

_3I),

IBII,

15)),
SI),

L331),

loll,

42])_
I[91[)t

i _5)),

( 11)),

(399})

PART 1. TE_T FOR END OF THE PROBLEM [MAXIMUM PRUBLEM TIME OR MAXIMUM

NUMBER OF STEPS).

STEPGO • STEPGO • 1.
OUT = OUTPOT

IF (ABSF(TMAX-XPRIMI[))-TTOL) 1,1,]

I DONE • 1.0

112 CALL OUTPUT

IF (ODTPOT) 26,111,26

111 WRITE OUTPUT TAPE 6,2,NSTAGE
2 FORMAT(6HOSIAGEI2,11H COMPLETED.J/)

GO TO 26

3 IF (STEPGQ+3]EPNO-STERMX) 7t6o6

CALL ObTPUT

WRITE OUTPUT TAPE 6=5tSTEPMX
5 FORMAT (22HOSTEPGO+STEPNOmSTEPMX=F6-)

CALL EXIT

63



C

7

PART 2, COMPUTE STEP SIZE (UELTI ANO CONTROL OUTPUT,

N-Z

A3 - IA2-A|I*RATIO_AZ

AA = (ERLOG-A3I/5,

IF (IAESFIAA)-BB.O28)-A_SF(SWITCHI) 8pEw60

B OELT- SIGNF(EKPF(AA),OELT)

[F (DELT/H2-3,) 10_10,9

9 OELT= 3**HZ

I0 MODOuT = MOuOUT

GO TO [II,I_,13,21I,HODOUT

11 IFIDELT*(XPKIM(tl + 3.*OtLT-TMINI) 21,12,12

12 HODOUT = 2

DEL = THIN - XPRIM(I}

GO TO 16

L3 IF(OELT • (XPRIM(I) -TNIN)) 15,15,1A
14 MODOUT = 4

GO TO 21

15 OEL • OEL-HZ
L6 SPACES = INIFIIDEL/DELTI+SIGNF(.9_IDEL/DELT)))

17 IF(SPACES) 20, lB,20

18 CALL OUTPUT

N=2

OEL = OELMAX

IF (ABSF(OELI - ABSFIOELT)) 19_16,16

OELT- SIGNFIDELpDELT)

GO TO 16

OELT= OEL/_PACES

GO TO Z3

IF (NODF(STEP_O,STEPS)) 23,22p23

CALL OUTPUT

N=2

PART. 3. SEARCH FOR C(LOOKX) • XLOOK UNLESS LOOKX=O.

(FILOOK X) 27,62,27

LOOK X = LG_K X

LOOK SW • LOOK SW

OUTPOT • 1.

GO TO 144,45),N

64 CALL OUTPUT

65 IF(SWITCH) 32pZ8,33

28 IFISW LOOK - C(LOOK SWI] 29,29,42

29 XTCL1 - XTOLeABSF(XLOOK|

IF IXTOLI) Jl,30,31

30 XTOLI = XTOL

31 SWITCH = -[.

GO TO 4|

32 SWITCH = l.

ASSIGN 63 TO MODE

OVER - O.

F - O.

T-O,

SLOPE = (CILOOKXI-OLDXI/H2

GO TO MODE, 163,35)

IF(SLOPE *(LILOOK X} - X LOOK)) 350161,61

ASSIGN 35 TU MODE

IFIAESFICILUOK X)- X LOOK) - XTOLI| 36t36,37

T=L.

IF IOUT) 63,66,63

OUTPOT = O.

CALL OUTPUT

IF IT) 6194Tt61

IF (OUT) 62,51,62

wRITE OUTPUT TAPE 6t64r LOOKxvC(LOOKXI*H2pLOOKX,SLOPE

66 FORNAT(3HOC(IA*AHI = IPGIS.B,31H CONVERGENCE TROUBLE.

IGLS.8,IAH SLOPE OF C[16,13H) VS. TIME = GLS.8//)

GO TO 62

67 IF (OUT) 6Z_5Ot62

50 wRITE OUTPUT TAPE 6,48,LOOK X, CILOOK XI

48 FORNAT(3HOC|IAeZH)=LPGIS.8t/)

62 LOOKX - 0

XTOLI • O.

SIGNAL • l.
SWITCH - O,

OONE" END
NSTART - o

NSTAGE•NSTA_E

OELT• DELTLINSTAGE)

CALL INPUT([NLOOKtCpTA_LEI

IF (_ONE) llO,AZpIlO
IF (GUT) 26,IlL,Zb

SIGN = CHEC_FIOLOX,XLOOK,C(LOOK X))

IFISIGN) 40,60p38

OVER = I.

GO TO 400

IF (OVER) 4OO,6OlpAOO

XGUESS - C[LOOKX)*SLOPEeOELT

IF (CHECKFIC(LOOKXI_XLOOK_XGUESS)) 60Z,61,41

F • F+&.

IF IF-7.) 400,600,403

SLOPE = SLOPE/F

IF (SLOPE) 604,60,404

OELT• SIGNFIABSFIXLOOK-C(LOOKX) I/_LOPEISIGN*H2I

OLCK " CILOOK X)

IF IABSFITMAX-XPRIMII))-ABSF(DELT)) 25,26,26

_ELT - TMAX-XPRIM(I]

GO TO I26F2_26_26),HODOUT

DEL • OEL-OELT

OUTPOT = OUT

RETURN

END

19

20

ZI
22

C

C

23

27

33

63

350

35

60

36

46

63
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5L

69

110

37

60

38

401

c,02

403

600

t_04

42

25
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SUBROUTINE STOATA

THIS ROUTINE CLEARS THE At XPRIM_ XPRIMB ARRARY$ AND LOADS A SET OF

STANDARD DATA INTO THE MACHINE. ANY VALUES SET HERE MAY BE OVERWRITTEN BY

INPUT I IN IHE MAIN PROGRAM.

COMMON C

DIMENSION A(6DO), B(700), CI4000tF

I PNAME IL2lv AMASS (30)_ XPRIM (200),

2 COEFN (190), ICC (4)p

3 AK (31o XDOT (IOO), INO 131e

REFER (12)p RCRIT (30)i AW I4),

5 RMASSI (LO)

EQUIVALENCE

I[A ,C

2tAb IA

3[8QOYCDpA

4(CCNSU BA

5IERLIMTpA

b(ICC DA

T(LOOKSW,A

8[NSTAGEwA

9(OBLATJpA

EQUIVALENCE

LIREFER pA

2IS_RDKIwA

3ITFILE pA

4{XTOL _A

II)),(AK _A

29J),IAW tA

163)),(COEFN ,A

3LJ),IDTOFFJ,A

16})p(ETOL ,A

L53)),(IMODE ,A

9)),(MODOUT,A

3I),IOBLATDjA

Z6))p(PNAME tA

[ 317))pIRE tA

I 6TI),ISTEPMXtA

( bIIs(XbOT tB

( I[))giRMASSIvA

51))t(AMASS ,A

SSIIp|B pC

607)]_|CON_TUpA

23)IpIEREF pA

_O)]t[GASFACpA

I)],[INO ,A

20|],INEQ pA

27)],[OBLATHtA

287))pIRCRIT eA

I ZS|ItISPD pA

I IBIIv(STEPS pA

I 501}It[XPRIM pC

( T3)]

347))t

lII[)),

32)),

I3))p

46))o

bO))t

2)),

28|)t

377))

( #41)p

| IT)),

( 7II])t

CLEAR INITIAL CONDITIONS AND CONTROL PARAMETERS.

00 L J=I,llOO

I A(J) - O.

C

C THE FOLLOWING NH STATEMENTS LOAD THE BODY NAMES INTO THE MACHINE.

PNAMEII) = 3HSUN

PNAME(2) • bHMERCUR

FNAME[3) - 5HVENUS

PNAME[6) • 5HEARTH

PNAME[5) • _HMARS

PNAMEI6) = 6HJUPITE

PNAME(T) • bHSATURN

PNAME(B| - bHURANUS

PNAME(g] - 6HNEPTUN

PNAME(IO]- 5HPLUTO

PNAME(III- 4HMOON

PNAME(12)- 6HEARTHM

C

C FILL OUT SUN REFERENCE LIST. INITIALIZE MASS AWRAY.

DO 2 K=lpZO

RMASSI(KI = I.

2 REFER[Ke[I - PNAMEII]

REFER(12).- PNAMEII|

C

C FILL OUT EARTH REFERENCE LIST.

REFER(I| = PNAME[_)

REFER(6] • SHZERO_

REFERIII) = PNAME[4)
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LOAD ThE REMAINING STANDARD OATA,

AK(1) = 0.5

AK(2I - 0.5

AK(3| = l.O

AMASSfl) = l.O

AMASS[Z) • 1,0/6120000.0

AMASS|3) = 1.0/608645.0

ANASS(_] = 1.0/332951.3

AMASS(S) = |,0/308800O.0

AMASS(6) = i.01t047.39

AHASS(T) = |.0/)500,0

AMASS(B) • 1.0/22869.0

ANASS(9I • 1.0118889.0

AMASS(IO) = [.0/400000.0

AMASSiLI) =AMASS(_]/81.335

AMAS_(12) =AMASS(4]+ AMASS([1)

AU = L.49599 Ell

AW{[I•I,/6.

AW(2)=AW(i)tAW(|]

AW(4)=AW||I

AW(_)=_,-{AN[2)t[AWi[)÷AW(4)))

_OOYED = PNAME(4)

COEFN[I) = -IEZO

COEFN[1891 = IE20

CONSTU = l.O E-6

CONSU - |E-6

ETOL = O.OL

DTOFFJ = Z44.E4

EREF = 1E-6

ERLIMT = 3E-6

GASFAC = 20,064881

ICX_(I] -185

ICC(2) =185

ICE(3) 1185

ICE(4) =185

IMODE - 1

IN0(1)-2

IN012)=3

INO(3)-L

LOOKSW = 71L

MOODUT •

NEQ=8

NSTAGE = 1

OBLATJ = 1.62345 E-3

OBLATH = -5,75 E-6

UBLATO = T,_75 E-6

RCRITil) = 1.0 E÷20

RERIT(2) = i.O E÷B

RCRIT(3) = 6.16 E_8

RCRIT(4) = 9.25 E_8

RCRITIS) - 5.78 E_B

RCRIT)6) • ¢,81 E_LO

RCRJTJ7) = 5._6 E+10

RCRIT(8) = S.L7 E÷LO

RCR[T[g) = 8.61E÷[O

RCRIT(LO) =_.81E÷IO

RCRIT(11) =1.60 E÷8

RE = 6378165.

SPD • 86_00,0

SQRDK[ = 2.959L22083 E-6

STEPMX• 100.0

STEPS = I.

TFILE - X.

XDOTII) - 1.0

XPRIM[Z) = WMASSIil)

XIOL - 5E-8

wRITE OuTPuT TAPE 6,3

FORMAT (15HOSTANDARO DATA.)

RETURN

END
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SUBROUTINE TESTTR

C SUBROUTINE TE_TTR MAY BE CALLED FOR ONE OF TWO REASONS, l|) TO TEST FOR AND

C POSSIBLY TRANSLATE THE ORIGIN IWHEN IMOOE IS _I OR (2} TO CHANGE THE

C VARIABLES OF iNTEGRATION [WHEN IMOOE IS -}. A TRANSLATION OF THE URICIN

C OCCURS WHEN THE OBJECT MOVES INTO A SPHERE OF INFLUENCE WHICH IS SMALLER

C THAN ANV OTHERS IT MAY ALSO BE IN. WHEN THIS HAPPENSt THE NAME OF THE NE_

C ORIGIN IS MOV_O TO THE BEGINNING OF THE BNAME LIST AND OROE_ IS

C CALLED TO REORDER THE BNAME LIST.

C

COMMON C

C

DIMENSION AI6OO}v BITOO), C(400OI_

! XPRIMILOO,2ItXPRIMBilOOt2)pXMHOLEI6I,VEFMI3tB),VXI3),

20RBELSI6ItBMASSIB)tBNAMEIBI,RB[),81,RBCRITIBI,RI83

EQUIVALENCE

IIA ,C

2IB ,C

31CHAMP ,B

6(IMODE IA

5(RBCRIT,B

6(R _B

7(TMAX ,8

8ITTEST ,A

9IXPRIM ,C

EQUIVALENCE

I(OUTPOT,B

IMOOE - IMObE

LLII,IAMC ,B

ILLI)ItIBMASS ,B

2S)),IDELT ,B

I)},(NBOOVSIB

Z4S)I,IRB ,B

I02I),IS_RDK ,B

6)),|TRSFER,B

563),(VEFM tB

7L|)I,IXPRIMB,C

( 399))

BTII,IASYMPT,A

I)T}ItIBNAME ,B

I}),(GK2M ,B

6I)},IORBELStB

L93)I,IREvS _A

35II,ITABLE ,C

8]ItITRU tB

24IlltIVX tB

9[IIIvIXWHOLE,B

7)),

122)),

36)),

1161),

4B)),

lglll),

40)I,

921),

llOil

IF (IMOOEI [2,X2,1

IF IMOOE IS *, TEST FOR TRANSLATION OF THE ORIGIN.

| CHAMP = |.Ee30

DO 4 JB-I,N_ODYS

IF (RIJBI-RdCR]T(JBI) 2,6,6

2 IF (CHAMP-RUCRIT(JB)I 6t613

3 CHAMP - RBCRITIJ8]

NCHAMP - dB

CONTINUE

IF INCHAMP-L) 26_26t5

5 TRSFER - 1.0

8 BTEMP = BNAHEI|)

BNAME(_) = uNAME(NCHAMP]

BNAMEINCHAMP) - BTENP

TTEST - O.

REVS - 0.

IF IOUTPOTI 6_9,6

9 WRITE OUTPUT TAPE 6tIO,BNAMEINCHAMP),BNAME([I

10 FORMAT {2BHOORIGIN IS TRANSLATING FROM A6,AH TO A6)

6 CALL ERHMRS

00 II K=I,3

VX(K) = VX(KI-VEFM(KtNCHAMP}

RBIK) • RB(K,NCHAMP)

XPRIMIK_Z,[I-VXIK)

XPRIMIK_SpLI=RB{KI

XPRIMBIRt2,LI - O.

XPRIMBIK_511I • O.

XWHOLE(K}= VXIK)

11XWHOLEIK+_I • RBIKI

GO TO 20

IF IMOOE I_ -, CHANGE THE VARIABLES OF INTEGRATION.

12 DO 13 K=It3

XPRIMIK+2,1I-XWHOLEIK]

XPRIM(K÷5pII=XWHOLE(K+3)

XPRIMBIK_2,II • O.

XPRIMB(K+5,[) • O.

VXIK) = XWHOLE(K)

[3 RBIK) • XWHULE|Ke3)

GO TO (16,14_I5ItIMOOE

14 CODE • 5HOR_IT

IMODE = l

GO TO IB

15 IMODE - 3

GO TO IT

16 IMODE = 2

17 COOE " 6HRECTAN
18 NCHAMP = l

IF IOUTPOT) 20,7t20

7 WRITE OUTPUT TAPE 6,1gtGODE

19 FORMAT (33HOINTEGRATION MODE IS CHANGING TO A6)

20 GO TO {2L,26,26I,IMOOE

ZI CALL CONVTIIVXtARC!

GKZM• SQROK*[BMASSINCHAMPI_XPRIMI2,1)/1.gB66 E+30)
30 CALL CONVT2

IF ORIGIN TRANSLATION CAUSES PATH TO LIE NEAR AN ASYMPTOTE, CHANGE

INTEGRATION VARIABLES TO RECTANGULAR IF THEY ARE ORBIT ELEMENTS.

IF (ORBELSIL)-_.] 26,26,22

22 IF (ABSF(TRU)-2.3/SQRTFIORBELS(III) 26,24,23

23 ASYMPT • l.O

GO TO 15

24 DO 25 J=l,6

25 XPRIM(J÷Z,II • ORBELSIJ)

26 IF (TRSFER) 27r28,27

27 CALL INPUT |IOI,C,TABLE)

29 CALL ORDER

28 RETURN

ENO
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SUBROUTINE THRUST

C THIS ROuTINb COMPUTES X,YIZ THRUST ACCELERATIONS. THE THRUST VECTOR iS

C ASSUMED COINCIDENT wITH THE LONGITUNOINAL AXIS OF THE VEHICLE_ _MICH IS

C ORIENTEU TO THE RELATIVE wIND VELOCITY BY THE ANGLE OF ATTACK (ALPHA) AND

C THE ROLL ANGLE (BETA). ALPHA IS ASSUMED TO BE A QUAORATIC FUNCTION _F TIME

C WHEREAS BETA IS ASSUMED TO BE CONSTANT.

C REVOLv IS THE EARTHS ROTATIUN RATE IN RAD|ANS/SEC (T.29ZLLSBSE-51 AND THE

C FACTOR BSBee3659Z.- 2o*33 IS REMOVED TO PREVENT OVERFLOw.

C

COMMON C

C

DIMENSION AI6OO)t BITOOIt C(&OOOlf

I FORCEI))t PAM(3), VATM[3Je P(3It INO(3ItRAMCI§]rRB(])tX(IDO)

EQUIVALENCE

IIA ,C

2[B ,C

3(CDSBETtB

_|FORCE ,B

S|PMAGN tB

6iPUSHO ,B

?(RATHOS,8

BIR tB

9(SINALF,8

EQUIVALENCE

IIVQ ,B

2IVY ,B

( LII),IAEXIT ,B

(IlLI)),IBETA ,A

49)),IEXITA ,B

66I),IIND ,k

50))wIPRESS vB

39|))tIPUSH tA

23))fIR8 tB

I02))t(RSQRO tB

66I)tISINBETtB

3)),(ALPHA ,A

50|),(COSALF,B

392)),IFLOW ,B

60))IIPAR ,B

33)),(P ,B

166)),iRAMC ,B

L93)I,IREVQLV,B

45))IISIMP ,B

4T))_IVATN ,B

I IO0)),(VQSQRDtB I |0I)),(VX ,B

[ 93)),[VZ ,B I 96)],[X _8

49)),

48)),

5))v

60)),

84)),

393)),

2L)),

2)),

97I)

( 9Z)),

f 4O|l)

SINBET = SINFIBETAIST.Z957795)

COSBET - CO_FIBETA/57.zgs7795)

vATM|I)-VX+MEVOLVtRB(2)

vATMI2)-VY-REVOLV_RB(I)

VATMI3)-VZ

3 CALL CONVTIIVATM,RAMC)

4 ALPHA - QUAU[X(|):[I/ST,2957795

SINALF-SINFIALPHA]

COSALF=COSFIALPHA|

DO I J1=1,3

JZ-INOIJII

J3mINO(J2)
| P(JI) " (VATM[J2)IRAMCIJ3)-VATMIJ3IeRAMCIJZ))/B 589934592o

PMAGN- SQRTFKP(IItPIt)_PI2)ePI2I_PI3I*P(3))

PUSH = PUSHO-EXITAePRESS

TOPMAG • PU_H/PMAGN/KI2)

R4 - SIN_ET/VQ

R5 - COSALF/RAMC[A)

00 2 Jl-l,3

J2-IND(Jll

J3-INO(J2I

PARIJ|)•P(J_)*VATM[J3)-PIJ3I*VATMIJZI

2 FQRCEIJll = TUPMAG*[SINALFeICOSBET*P(J£I_R4ePARIJI)) -RS*IP(Jz)e

l RAMCIJ3)-P(J3I*RAMC(J2)))

RETURN

END

SUBROUTINE TuDES

THIS RDUTINL COMPUTES THE RECTANGULAR POSITION AND VELOCITY COMPONENTS

kITH RESPECT TO THE EARTH MEAN EQUINOX AND EQUATOR OF 1950.0 FRUM THE

LATITUOEt LONGITUOEe AZIMUTH_ ELEVATIONo ALTITUOE_ TOTAL VELOCITY, AND

TIME. ALSO, WHEN TKICK DOES MOT EQUAL ZERO, A NON-DRAG VERTICAL STEP OF

SIZE TKICK IS MADE IN CLOSED FORM (STATEMENTS 2 TO 4I. THE INTEGRATION

WILL THEN BEGIN AT TIME EQUAL TO TIME*TKICK WITH THE ORIENTATION SPECIFIED

BY THE ABOVE FOUR ANGLES AND THE COMPUTED VALUES OF ALTITUDE AND VELOCITY.

FOR THE CLO_EU FORM APPROXIMATION, A CONSTANT FLOW RATE [FLOw), VACUUM

SPECIFIC IMPULSE (SIMP) AND ENGINE EXIT AREA (AEXIT) ARE ASSUMED KNOWN.

THE ATMOSPHkRIC PRESSURE IS TAKEN TO BE THE SEA LEVEL VALUE.

COMMON C

DIMENSION AI6DO)_ BIT00), C(4000),

I SINA|A), CDSAIA), ANGLEB(4)t XPRINI200)

EQUIVALENCE

LIA ,C { 11))tIAEXIT t8 ( 3)I,IALT ,A

2(AZI ,A I 35I),[B ,C (IIII)),IDTOFFJ,A

3(ELEV ,A I 36I)t(FLOW ,8 I 5)},(GK2M ,B

4(LAT rA ( 331),[LONG ,A I 34)]t[OBLATJtA

5(0BLATN,A | 40)|t(RE tA ( 25))IIRES_RDtB

6(ROTATE,A [ 39I),{SIMP ,8 t 2)),{SPO ,A

T(STEPGOtA ( 4IJIt(STEPNOpA ( 42)),ITKICK tA

8(TOFFT ,A ( 2411t(VEL tA | 37))_(XPR]M tC

qIO_TPOT,B [ 399I)

EQUIVALENCE [QLAT,LAT),( QLONG,LONGI

41),

23)),

36)),

2bI)t

T)),

44)),

15))p

7II)),
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ALTI = O.

VELI • VEL

DELl = O.

GEL = 0.

ASSIGN I TO NGO

DAYS • DTOFFJ - 2433282.5

GREEN • MO_FiIOO.OT55426+.gB5647346DAYS÷2.qOI5E-13DAYS**2

[+T.2921LS85E-5*ITUFFT*SPU÷XPRINI[I)*ST.2957795e_60.1

SINA(I) = SINFIQLAT/57.2957795)

IF {DBLATN) lO2tlOlllO2

lO[ RADIUS • RE ÷ ALT

GO TO 8

102 RADIUS=6356783.28/S_RTF(.gq33065783+.OO6693421685*SINA[II**Z)÷ALT

GD TD 8

I XPRIMIAI = CDSAI2)oCOSA(II*RADIUS

XPRIN(7) - _INAIZ)*COSA(II*RADIUS

XPRIN(BI - SINAII)tRADIUS

RMAS$O - XPRIMI2)

XPRIN(ZI - XPRIMIZI-FLDwDTK[CK

IF IOUTPOT} 12,II,12

ll WRITE DUTPUI TAPE 6,3,STEPGO,STEPNO,LATtLONG,AZI,ELEV,ALT,XPRIM(

ll),VEL,RMA_$O,(XPRIMIJI,J=6oB)

3 FDRMATI6MO$IEPsFS.,2H eFA.tAX,6H LAT.=IRG|5.8,7H LONG.•GIS.8,AH AZ

l[.=GI5.8,TH ELEV.-GI5.B,6H ALT.-GIS.B/6H TIME-GIS.8,6H VEL.-GIS.8,

67H RMASS=G|_.B,AX,2HX=GIS.B,SX,ZHY=GIS.8,&X,ZHZ=G|5.8I

12 IF ITKICK) Z,SO,2

2 XRgINIl) - XPRINII)*TKICK

Bl = LOGFIRHASSO/XPRIMI2))

SINPSL - SIMP-AEXIT/FLOw*I0332.275

VEL[= VEL+bIMPSLeg.gO66S*BI-G*TKICK

ALTI = TKICKeIVEL-GeTKICK/2.÷9.B0665eSIMPSL*II.-B|*XPRIM{2)/

1 (RMASSO-XPRIM{2II})

4 RADIUS -RAUIUS ÷ ALT1

GREEN • GREEN • 7.29211585E-5*TKICK*ST,2957795

ASSIGN 5 TO NGO

GO TO B

5 XPRIMI6) - CDSAI2)*COSAII|*RADIUS

XPRIN(TI = _INAIZ)*CDSAIL)*RAOIUS

XPRINIBI " SINA(II*RADIUS

50 IF |OBLATNI 6,Tt6

6 DELL = ATANF((C2-1.IIIC3-1.IeSINA(II/COSAII))oST.2957795-QLAT

T OIL2 " RAD|uS/G*SINAII)*COSAII)*ROTATEJROTATE*ST.ZeSTTgSI

OEL- DELl * DEL2

ASSIGN IO TO NGO

B ANGLEBII) - QLAT * OIL

ANGLEBI2) = _LONG + GREEN

ANGLEBI3) = AZI

ANGLEB(A) - ELEV

DO 9 In1,6

SINAI1) - SINF(ANGLEB(II/57.Z95TT95)

9 COSA(I) = CDSF(ANGLEBIII/ST. ZgBTTDS)

CI " 5.*RESwRO/RADIUS/RADIUS*OBLATJ

C2 " CI*(SINA(IIeSINA{I)-.6]

C3 " CI*ISINAIII*SINA(|)-.2I

G - GR2M/RAuIUS/RA01US

tO TO NGO, (l,5_[O)
10 COSL - COSAIIIeSINAI_I-COSA(6)eCOSAI3I'SINAII)

COS2 - COSAiAI,SINA(31

XPRINI3I • VELI.ICDSI-COSAI21-CDSZeSINAIZI)-XPRIMI7)*ROTATE

XPRIM(4| - VELI*ICOSI.SINAIZI*COSZ*CDSAIZI)*XPRIMIA)DROTATE

XPRIM(S} - VELI-ISINAILIeSINAIA)÷COSA(IIoCOSA(3I-COSA(4))

RETURN

END

SUBROUTINE TAPE

SUBROUTINE IAPE USES THE MASTER MERGED EPHEHERIOES TAPE (TAPE 9 AT LEWIS!

TO COMPILE A WORKING EPHEMERIS TAPE (TAPE 3 AT LEWIS) WHICH CONTAINS ONLY

THAT DATA NEEDED AT EXECUTION TIME. THIS MINIMIZES TAPE HANDLING DURING

EXECUTION. 2 EPHEMERIS FILES ARE DN TAPE 9, FIRST FILE HA_ DATA AND IS

IDENTIFIED dY THE SECOND WORD OF EACH 254 WORU RECORD {FIRST _ORO IS THE

DUMMY FORTRAN COMPATIBLE WORD, SECOND WORD-Z). THE SECOND FILE IS ONLY 2

wORDS LONG, FIRST WORD I$ FORTRAN COMPATIBLE, SECOND WORD=3).

MASTER FILE I -- PLANETS (EXCEPT MERCURY AND EAWTH), SUN, MOON, AND

EARTH-MOON BARYCENTER FROM SEPT.ZS, 1960 TO ABOUT 2000.

EACH EPHEMERIS COMPILED REQUIRES A SET OF INPUT 300 DATA. THE FIRST PIECE

OF DATA WRITTEN ON A FILE IS THE FILE IDENTIFICATION NUMBER, FIL_. EACH

FILE ]5 NUMBERED CONSECUTIVELY STARTING WITH FILE-I. SINCE HUUN DATA IS IN

TERNS OF EARTH RADII, THE CONVERSION OF NOON DATA TO A.U. IS MADE BEFORE

wRITING ON TAPE 3. THE COMMON USED IN SUBROUTINE TAPE IS LOCAL AND ALL

BUT TAPE3 I_ CLEARED BY A FINAL CLEARING LOOP.

FUNCTION COMPARFIA,BI IS EQUIVALENT TD {A-B) BUT WILL NOT OVERFLOw.

NORMAL INPUT - ELIST, TBEGINt TEND, TAPE3

ELIST- THE BCD LIST OF EPHEMERIS DATA NAMES TO BE PLACED ON

TAPE ) • THE NAMES ARE READ FROM CARDS, AND IS USED TO

MAKE THE TMAKE LIST. ELIST IS NOT CHANGED IN STORAGE UNTIL

THE FINAL CLEAR FOR THI_ SUBROUTINE.

TMAKE- THE LIST OF EPHEMERIS NAMES WITH DUPLICATES DROPPED AND

ZERO SPACES CLOSED IN. AS THE EPHENERIDES ARE FINISHED THE

NAMES ARE ERRASED FROM THIS LIST.

TNADE- LIK_ TMAKE BUT IS HELD FOR OUTPUT.

TBEGIN'- THE BEGINNING DATE EXPRESSED AS A JULIAN DAY.

TEND- ENDING DATE EXPRESSED AS A JULIAN DAY.

INTVAL- THE APFRDX. NUMBER OF DAYS COVERED BY ONE SET OF COEFF. IT

IS uSED TO DECIDE WHICH DATA ARE TO BE ENTERED DOUBLE. THE

DOUoLE ENTRIES PERMIT FASTER OPERATION IF REVERSAL OF

INTEGRATION IS REQUIRED FOR ANY REASON.

EDATE- JULIAN ENDING DATE FOR THE MASTER EPHEMERIS.

ERTOAU- EARTH RADII PER A.U.

COMMON C
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7o

OIMEN$ION

I C |700]y TMAKE (12)_ LIST i3O],

Z EOATE [12), INTVAL (30), KTAG 112),

3 ELIST (Lilt TRADE ll2)t INTVA (2)w

6 PNAME (30)_ TDATUM (252), DATuMT (21,12!

C

EQUIVALENCE

[I TAPE3tC( 2)),(ERTDAUoC( 3)},1 KTAG,CI &l),( FILEtC( 16l),

2( EL(ST,C( 17}|,ITBEGIN,C( 29)),( TENO,CI 30)1,[ PNAME,C( 31)),

3( KHAHP,C( 61)),( TMAOE,C( 73)),( TMAKEtCI 8S))_ITDATUH,C{¢AI}),

#( EDATEpCII27|),(INTVAL,CI|ST}),( IN_VA,C[|56)),IDATUMT_C(189))

C

O COMPARFIA_d) = (A_B)*t-IA*BI]

RE_INO 3

O0 I K'|t6DOO

I C|K) - 0.0

C

C THE FOLLOWING NH STATEMENTS LOAO THE BODY NAMES |NTO THE MACHINE.

C NOTE. THE EARTH 1S NOT IN THIS LIST IND EPHEMERIS FOR EARTH.]

PNAME(I) " 3HSUN

PNAME(2) = bHMERCUR

PNAME(3| t SHVENUS

PNAME(6) = _HMARS

PNA_EIS) = 6HJUPITE

PNAHE(6) - 6HSATURN

PNAME(T) = bHURANUS

PNANE[8) = oHNEPTUN

PNAME(g) - 5HPLU1U

PNAME(IO)= 6HMOON

PNAME(II)t 6HEARTHM

¢

C PART 2. SET UP JULIAN DATES ENDING EACH EPHEMERIS.

EOATE(II = 2451872.5

EOATE(3) = 2451848.5

EOATE(6( = 2451020.5

EOATE[5) = 2473520.5

EDATE(6) - 2673520.5

EDATEI7) = 2473520.5

EDATE(B) = 2673520.5

EOATE(?( = 2473520.5

EDATE(IO)= 2660916.5

EDATE(|I)= 245[868.5

INTVA • 30UOO

|NTVAL(|) = B

INTVALI2) • 5

INTVAL{31 t [5

[NTVAL(6] = 46

INTVAL(SI = 330

INTVAL(6( - 825

INTVAL(7) - 1211

[NTVAL(B) = 1172

[NTVAL(g) = IIDI

[NTVALI[OI = 2

INTVALIII) = 15

FILE " 1.

ERTOAu = A.265_6512 E-5

2 MOON = O

LI = I

C

C PART 2B. CALL |NPUT AND SEE IF TAPE IS TD BE _AOE.

C MAKE TAPE3=O.O IF TAPE IS TO BE MADE.

TAPE] = _.

B CALL ]NPUTI3OOtCtLISTI

IF ITAPE31 6393,63

3 IF [F|LE-1.) 20,10v20

lO CALL SKF|LE(9,2)

C

C PART 3. TAPE IS TO _E MADE SO ROVE EPHEMERIS LI_T TO TMAKE AND

C TO TMAUE (FOR OUTPUT), CANCEL ANY ZERO OR DUPLICATE NAMES.

20 KD_NT - |

DO 6 K'I_II
TMAKEIK] = o.

TMADEIK] = O.

6 00 5 J=ltKOONT

IF (COMPARFIEL[STIKipTMAKE_J-IJI] 5,6,5

5 CONTINUE

TMAKEIKOUNT) = ELIST(K]

TMADE(KOUNT) = ELISTIKI

KDUNT • KOUNT÷I

6 CONTINUE

KOUNT • KDU_T - |

C

C PART A. FINU INPUT ERRORS.

? IF(TBEGIN-Z_372D2.$) 66,9,9

9KM=2

II ERROR = O.

_R|TE TAPE 3,FILE

O0 2[ J=ItK_UNT

KTkGIJI = O

12 00 I3 K=I,ZD

IF (CDMPARF(PNAME(K),TMAKE(J))) 13,16,13

|3 CONTINUE

14

11124/00
10/31/00

TI26198

2060

2060

2060

2060

2060

1L126/70

10/31/00

|NPUT HuST ALWAYS

PART 5. PRINTS OUT THE M|SSPELLEO NAMES AND OTHER ERRORS.

PR]NT |5, TMAKE(J), TBECIN, TEND

WR]TE OUTPut TAPE 6 , [5e TNAKE(J), TBEG[Nf TENOF[PNAMEIK|t

• IEDATEIK),K=Lt2D)

15 FORMAT( 23M TROUgLE DN TAPE 3 MAKE / 2X,A6tlOH

l T END= FIU.I//212X,A6,F20.1I)

ERROR • I.

GO TO 21

C

T _EG[N= FIO. L,BH



C PART4B.CHECKS DATES ANO STORES INDEX FOR HDON SO THAT EARTH

C RADII CAN BE CONVERTED TO A.U.

[6 IF lID-K) 18117eIB
[T ROCN= J

18 KTAG[JI = K

|9 IF (EDATEiKI- TEND) 14,21r21

21CDNT]NUE

ASSIGN 36 TO NSI

IF (ERRDR) _2t22t68

C

C PART 6. FIX UP A TAG IKTAGI TO INDICATE WHETHER TO ENTER DATA DOUBLE DR
C NOT. KHAMP WILL BE SHORTEST INTERVAL. KTAG HILL BE NON-ZERO IF

C ANY CATA ENTERS MDRE THAN ONCE FDR 10 ENTRIES OF THE HOST

C FREGUENT DATA.

22 KHAMP = ]NTVAL(O)

DO 23 J=ItKOUNT

K • KTAG(JI

KHAHP - XHINOF)KHAHPpINTVAL(K))

23 CONTINUE

KHAMP • KHAMP alO

CO 26 J=IeKOUNT
K = KTAG(J)

26 KTAGIJ) - ]NTVALiK) / KHAHP

C

C PART 7. LOCATE FILE 2 ON TAPE 9.

25 READ TAPE 9_ KFILE

26 IF (KN-KF|LE) 2T.31t29

27 IF IKFXLE - 3J 28,28.29

2E BACKSPACE 9

BACKSPACE 9
CALL BSPILEIgt

GO TO 25

C BY PASS A FILE.

2q CALL SKF[LEIql

GO TO 25

C

C PART B. TH]_ IS CORRECT FILE ON TAPE q, READ DATA. THERE CAN 8E UP

C TO 12 SETS OF DATA PER RECORD. A SET OF DATA IS 2| WORDS.

31 BACKSPACE 9

32 READ TAPE 9_ KTAPEvITDATUR{I)t I=[t252)

GO TO NS1, (36p66)
C

C PART 9. IS THIS A SATISFACTDRY STARTING POINT_ QUESTION HARK.

C THE IST SET OF DATA FOR EACH PLANET MUST PRE DATE TBEGIN.

C PART 9 IS EXECUTED ONLY ONCE,

3A DC 62 J=LItKOUNT

DO 3T K-lt232,21

IF (COMPARFITOATUMIKI,THAKE(J)I} 37,39,37
37 CONTINUE

38 LI = J

BACKSPACE 9

BACKSPACE 9

GO TO 32

39 IF (TDATUMIK_LI-TOATUM(K+2)-TBEGINI 40_40p38

4C DO 41KJ-I.21
K| = K _ KJ - |

A1 OATUMT[KJ,J] = TDATUMIKI)

42 CONTINUE

IF (MOON) A)14_t43

43 OO 44 KJ=4_2|

44 DATUMTIKJvM_DNI • OATUNT|KJ_MQONIAERTOAU
65 ASSIGN 46 TDNS[

C

C PART |0. PUT ABAY NEEDED DATA. TEST NAMEr TIME OF BEGIN AND END. DO NOT

C HR]TE TAPE 3 UNTIL TBEGIN PREDATES THE END OF T_E FITTED

C INTERVAL. 50 REPEATS OLD OATAp ST _RITES NEW _ATA. THE NAMES

C ARE ERASED FROM TMAKE AS SOON AS THE DATA POST DATES TEND. WHEN

C ALL NAMES ARE GONE, RETURN TO INPUT 300 TO SEE IF ANOTHER
C EPHEMERIS IS TO BE CONSTRUCTED.

46 OC 65 K=I*23Ze21
CO 47 J=[=KOUNT

IF (COMPARFITCATUNIK)wTMAKE(J))) 47o4B.4T

47 CONTINUE

GO TO 65

4B SHY = TBEGIN-TOATUNIK+|)-TCATUNIK+2)

IF (SNT) 49,49p52

4q [F(KTAGiJ]) 50w52.50
50 WRITE TAPE 3_|DATUMTIKJeJ) _ KJsie21]

52 00 53 KJ'I,Z|

K[ = K • KJ

53 CATUMTIKJ,JI • TDATUN(K|-[}

IF (J-NOON3 56_54,56
B4 DO 55 KJ • %21

55 CATUMT(KJ,J) = DATUMTIKJtJleERTOAU

56 IF (SWT) 57,57,58

57 WRITE TAPE 3w(OATUMTIKJeJ)IKJ=It2I)

§B IF(TEND-OATUMTi2tJI-DATUHTI3,J|) 59f59,65
59 TNAKEIJ) = O.

DO 60 KK=I,KOUNT

IF (TNAKE(KK)) 65w60,65

60 CONTINUE

WRITE OUTPUT TAPE 6, Sl, F[LEsTBEGINwTENOp KOUNT_(TMADE(KK)r

IKK'|.KDUNT)
61FORNAT)28HOEPHENERIS COMPLETED, FILE=F3.,6Ht FROM F[O.I_3H TD

I FIOoI_ 4H FOR [2_ 18H BODIES AS FOLLOWS / L2(2XtAb))

FILE = FILE + [.
END FILE 3

GO TO 2

63 _RIT_ TAPE 3, FiLE

REWIND 3

RE_IND g

TAPE3 • 3.

DO 64 J=3p400O
64 CiJ) - O.

RETURN
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65 CONTINUE

GO TO 32

66 PRINT 67, TBEGIN

WR]TE OUTPUT TAPE 6tb7,T_EGIN

67 FORNATI33H TBEG]N PREDATES 2_37202.5,IT IS FIO.13

68 CONTINUE

REWIND 9

END

REH BSFILEiItJ) BACKSPACES TAPE I UNTIL IT IS POSITIONED JUST

REN BEflINO THE J TH EOF HARK.

REN

ENTRY _SF[LE

PZE

PZE

PZE

BCD IBSFILE

BSFILE SXD --4tl

SXD m-4,2

SXD Q-_

XEC. $(TES}

TSX $[WERI.4

LXO BSFILE-2,4

CLA* 1,4

TSX $(lOSlp4

CLA* $(R05_

STA BSF

ANA A07000

$TA BTT|

$TA BTT2

LXO 8SFILE-2_4

CAL 2,4

ANA =077T777700000

ERA -0007400000000

TNZ ONEJRG

CLA* 2,4

TZE BACK

P_X ,1

A_C J+l,4
XEC. $(tCO!

BTTL BTTA "*

TRA _.1

8SF BSFA ee

XEC* SleDS|

XECw S(_SR)

AXC *÷1,_

XEC* $(/C0)

BTT2 BTTA _t

TRA CHECK

TIX BSFtl,1
XECe $(ROS)

BACK AWC *+L,4

XEC* $iTCO)

AXC -_1e4

XEC* $(TRC)

NQP

AXC *+1,_

XEC* SITEF]

N_P

LXO BSFILE-4,1

LXD BSFILE-3tZ

LXO BSFILE-Z,4

TRA 314

£HECK TXL BACK,Is1

LXO BSFILE-2,4

CLA ERR+|

STO 0

CLA* 1,4

LDQ- 2,4

ERR TSX Bw4

TXI BACKtOt|4

PZE 8SF[LE-Z,O,ERR

ONEARG CLA BSFILE-2

ABD -01000000

SrO BSF_LE-Z

LXD CHECKt|

TRA BTTI-2

AO7000 OCT YaOO

END
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SKFILE

GOGO

LOOP

ROS

BUMP

DNEARG

INTAPE

OUTAPE

]NOR

INPUT

LOCA

REM SKFILEIItJ) SKIPS TAPE I OVER J EOF MARKS.

REM

ENTRY SKFILE

PZE

PZE

PZE

SXO *-J,I

SXO "--3t2

SXO *-3,6

TSX $iRERII6 CHECK LAST READ

TEFA **L

TEFB "÷L

LXD SKF|LE-ZeA

CLA* 1e6 PICK UP THE TPE NUMBER

TSX $(lOSlt6 SET UP THE TAPE ADDRESSES

LID SKFILE-/t6 LOAD IT AGAIN--MAN

CAL 2p6 IS THERE A SECOND ARGUMENT
ANA =0777777700000

ERA =0007600000000

TNZ ONEARG NO SEEONO ARGUMENT

CLA* 2t6 PICK UP THE SECOND ARGUMENT

TZE BUMPe[ 010 SOME DUMMY WANT NO FILES

SUB =0|000000

XEC* $(R05| READ THE TAPE

TCOA •

TCOBTEFA UMP 010 WE NIT

TEFB BUMP AN END OF FILE

TRA RDS GO REAO SOME MORE

TNZ LOOP

LXO SKFILE-311

LID SKFILE-Zt2

LXO SKFILE-II6

MOP

TRCA e+1 TURN OFF TAPE CHECK

TRCB I+l

TRA 3t6

CLA SKFZLE-I
AO0 -0/000000 SET UP XR6 FOR PROPER RETURN

STO SKFILE-[

PXD OtlO SET UP FOR ONE FILE

TRA RD_

END

COUNT 1200

REM INPUT ROUTINE USING ARITHMETIC STATEMENTS. CF NASA TN D-1092

LOL INPUTt6

ENTRY INPUT

REM ThIS IS SUBROUTINE INPUT, ITS CALLING SEQUENCE

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

REN

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

REM

PZE

PZE

PZE

PZE

PZE

8CI

SXO

SXO

SRO

NZT*

TRA

CLA

ADD

STA

STA

STA

CLA

STO-

CLA

STA

ART

STZ

TIX

STO

CLA

STA

STA

AOO

STA

STA

TSX

CONTAINS THREE ARGUMENTS---AN IDENTIFICATION

CODE NuMBERe THE FIRST LOCATION RELATIVE TO WHICH
ALL DATA IS TO BE LDADEOt AND THE FIRST LOCATION

OF A TABLE TO BE USED BY THE ROUTINE.

INCLUDtO IN THIS ASSEMBLY ARE SUBROUTINES

I INPUT

2 CHRCTR

3 CLEAR

6 C3MPAR

5 ERROR

6 LOOK

7 NA_E

B N_MBR

9 STORE

10 TABLE

It TEST

12 ACCUMw FIXt FLT_ BINARY

13 PRINX

16 READ.

0,_7 LEWIS INPUT TAPE NOT STD.

0_,6 FORTRAN STANDARD OUTPUT TAPE

STORAGE FOR IRA

IRB

IRC

SAVE INOEX REGISTER A.

SAVE INDEX REGISTER B.

SAVE INOEX REGISTER C.

IF THE ZOENT]FICATION NUMBER IS Z

RETURN TO THE CALLING PROGRAM.

2e6 IS THE BASE LOCATION.

IeINPUT

INDX,I

INUX+I,2

INOX_2,6

lt6

6t4
=1B35

2t4

SET

LOC|

L0_6

TSXBS

${LINK)

1,6

NREGZ

36,1

lel,l

*-1,1,1
ILOCI

3,6
LOCFC

NREGI-L

=1B35

LOCFA

LOCKL

CLEAR,6

OPEN BACKSPACE GATE

CALL CHAIN WILL BACKSPACE

1,4 IS THE IDENIIFICATION NUMBER.

INITIALIZE 36

LOCATIONS

TO ZERO.

MAKE NONIZERO°

3,6 IS THE LOCATION OF THE TABLE.

PREPARE

THE

ARGUMENT STORAGES

CLEAR THE VAR REGION.

00020

00030

00060

00050

00060

O0070

00080

00090

OOlO0

00110

00120

00130

00160

00150

00160

00170

00180

00190

00200

00210

00220

00230

00260

00250

00260

00270

00280

00290

00300

OO310

OO320

00330

00340

00350

00360

00370

O0380

00390

00400

00610

00620

00430

00640

00650

00660

00670

00680

00690

00500

00510

00520

00530

00560

00550

00560

00570
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=DOT61DOO00OO0 INHIBIT REAOING UNTIL

READ. ARRAY RECORO REFRESHED

43,2 43 FORCES RECORD TO BE FILLEO

Ip2 IN CHRCTR

LOOK AT THE FIRST CHARACTER ON THE FIRST CARD

IN SEARCH OF A S SIGN.

CHKCTR.4

-HOOOOSO

NOlO

COMPARe4

242517630000

NREGlt4

e+2fA,0

ERRUtZt7

SGNOUTI2.6

*+3,2,5

REAO._[,6

LOLAI

LOCAO,2,4

LO_AJ_Z,3

LOCCK,2)2

LOLBG,2,!

REAO.,6

ERRD,4,O

CHECK FOR A S S_GN

LOCAl CLA 00580

STO 00590

AXT 00600

SXD 00610

REh 00620

REM 00630

LUCAA TSX 00640

SUB 00650

LOCA. STO 00660

TSX 00670

OCT D, E, FILE FLAG, T 00680

LKA ZERO IF SD HAS BEEN REAO. 00690

TXL 00700

TXI BEFORE $0 ADD 4 TO INDEX 2o OOTIO

TXH JUNK 00720

TXH $17 BEFORE $O. FILE FLAG. OFF 00T30

TXL SE BEFORE SO OOTAO

TSX CRASH READ GATE 00750

TRA SHOULD NOW HAVE $0 CARD 00760

TXH FIRST SD. 00770

TKH ST AFTER $D. 00780

TKH S[7 AFTER $Oo FILE FLAG 00790

tXH $E AFTER $D. 00800

REM 00810

LOCAL LXA SD AFTER SO. TEST IF BUFFER 00820

TXL OVERNRITTEN 00830

REM THIS 15 THE PROGRAM RETURN. 00840

RTN LXO INOX, I RESET INDEX A. 00850

LKO |NUX*L,2 RESET INDEX B. 00860

LXD INuX+2,6 RESET INDEX C. 00870

TRA 4.4 RETURN TO CALLING PROGRAM. 00880

REM HUNT FOR THE = SIGN OF THE $ DATA CARD. 00890

LOCAD CLA =0076100000000 INHIBIT READING UNTIL 00900

STO READ. $DATA FIELD SCANNED 00910

T_X CMRCTR_4 00920

TSX COHPARp4 00930

BCI 1,=00000 00940

TRA i+b,2,2 00950
TRA ERKO JUNK 00960

TRA LDCAD ALPHABETIC 00970

TRA ERMD NUHERIC 00980

SXD ALFt4 = SIGN 00990

REM USE ALF NODE TO TEST ALL CHARACTERS. 01000

REM 010[0

REM COMES HERE WHEN = 51GN HAS BEEN FOUND. GET THE 01020

REM IDENTIFICATION NUMBER FROM THE CARD. 01030

LOCAF LXD 114 _ OlOAO

TXH LOCAGr4_42 CARD SCANNED OUT. 01060

TAX CHRCTReA 01070

TSX COMPARe4 01080

BCI I,,S'_- 0 01090

TRA *+9,2,2 01100
TRA ERRM JUNK 01110

TRA ERRM ALPHABETIC 01120

LOCAE TSX BINARY,6 FORM BIN WO IN VAR 01130

TRA LOCAF BLANK OLLAO

SXD ERSWt2 MINUS SE_ tO BY PASS. 01150

TRA LOLAF PLUS NO EFFECT. 01[60

STO SIGN DOLLARS 01L70

REM COMES MERE TO CHECK THE REGION _OOE AND THE 0[180

REM VALUE APPEARING ON THE $UATA CARD. 01190

LOCAG CLA VAR COMMA 01200

TZE ERRU DATA SET NO. MISSING 01210

ALS 18 01220

STO "" SAVE IDENT AT TABLE(I)_ 01230

NREGI SUB .e PLACE FIRST ARC IN THIS ADDRESS. 01240

TNZ RTN 0 IF CALL CODE = $DATA CODE 01250

STZ ALF ALF = O NEARS NO ALF [NFO. 01260

SXA NREGltO [NO|LATE SOATA IS READ. 01270

REM INST. _ELOW ALSO EXECUTED AT READ,, PLACED THERE BY CHRCTR 0[280

TSXRD TSX READ.÷[_4 HERE SNEAK PAST READ. GATE 0[290

SXD TESTJKtO 0[300

TRA LOCAN 01310

REM 0[320

REM COMES MERE IF IT WAS A $ TABLE CARD. 01330

LOCAJ TSX TAALE,A 01340

TRA LOCAN3 0[350

REM 01360

REM COMES HERE IF AN ALPHABETIC CHARACTER wAS FOUND. 0[370

LOCAK T_X NANEtA 0[380

TNZ SET-L ZERO MEANS ON LEFT OF = SIGN. 0[390

LXO JKI,1 IF JK[ DIONOT INCREASE THEN 01400

TESTJK TXL ERRL,[,** AN = SIGN NAS NOT USED. 01610

SXO TE3TJK,2 SAVE JKI FOR NEXT TEST* 01420

CLA ILOC SAVE SIGN OF TABLE ENTRY. 0[430

STO [LOCI 0L440

TRA LOCANZ 0[450

REM 01460

LXO JK,2 PREPARE TO ACCUMULATE THE NUMBERS 01670

SET CLA **,2 IN THE PSEUDO ACCUMULATOR. 01480

STO TEMP 01490

CLA ILUC 01500

TPL LDLAM MINUS MEANS FLOAT THE NUMBER. 0[510

TSX FLT,4 0[520

TRA LDLAM 0[530

REM 0[540

REM COMES hERE IF NUMERIC FIELD. 01550

LOCAL TSX N_MBER,4 01560

STO TEMP 0[570

74



LOCAM TSX ACCUMo4 ACCUMULATE RESULTS IN ACCo

TSX CLEARp4

LKA WORD[4

PXA 0t6 + WORD IN ACC FOR LOCAR

TXL LOLARp4.58 NOT COMMA

TXH LOCARt4t59 NOT COMMA

LXD JKlp2 COMMA

CLA ACC

STZ ACC INITIALIZE

LOQ ILOCI IS THIS VARIABLE FIXED POINT.

TOP LGC1 NEGATIVE IS FIXED POINT.

TSX FIX,6

LOCI STO gt,2 STORE THE NUMBER RELATIVE TO BASE,

LDCAN LXO JK1.2

LOCAN[ TXI *+1t2tl RAISE STORING INDEX BY ONE.

LOCAl2 SXO JKlt2 SAVE IT,

LOCAN3 LXO OPER,I ANY OPERATORS LEFT OVER.

TXL *+3tltO

ERRL TSX ERRCRt6

BCI IIOIL)

CLA ALL ANY DATA LEFT OVER.

TNZ ERKL

REM

REM CALL T_IS THE SWITCH HOUSE,

LOCAO IS[ CLEAR[4

LOCAP TSX CHRCTRt4

LOCAQ T_X COMPARt4

ELI l..(OOOO

TRA *_Be2t2

TRA LOCAR SOp ST, OR OPERATORS.

TRA LOCAK ALPHABETIC
TRA LOCAL NUMERIC

TRA LOCAT I SIGN

TRA LOCAL DECIMAL

LOCAR LXO OPER,I ANY OPERATORS LEFT OVER.

TKH ERRLjI,0 HIGH MEANS ALREADY HAS OPERATOR.

SUB -HOOOO$O SPLIT OFF $ FROM OTHERS

TPL LOCA. IF + PROCESS $ TYPE CH

REM NNAT KINO OF OPERATOR IS THIS.

TSX COMPAR,4

BCI lt+--/ltO

TXH ERKL,2t5 REMOVE THE JUNK,

TXH LOCANt2t6 COMMA

SXO OP_R,2 SAVE REST[ WILL BRANCH IN SUB ACCu

TRA LOCAP AFTER BOTH OPERANOS HAVE BEEN FOUN

REM

REM COHES HERE IF THE OCT OR ALF MODE.

LOCAT TSX CHKCTR,4

TEX COHPARt4

Be[ 1,|0A000

TRA l+5,2

TRA ERRL JUNK

TRA LOCAZ A CHARACTER

TRA LOCAU 0 CHARACTER

REM

REN COMES HERE IF EMPTY PARENTHESIS WERE FOUND.

TSX CHMCTR,4 )SIGNp GET NEXT CHARACTER.

TOP *÷2 MINUS FOR NEW CARO

TSX TE_T,4 INSERT COMMA IF NEEDED.

CLA ILOCI

STO ILOC PREPARE TO GET VALUE OF

LXD JKI.2 CURRENT LEFT SIOE.

TRA SET

REM COMES HERE IF OCTAL MODE.

LOCAU TSX CHRCTRt6

SUB =HOOO00)

TNZ LO_AU

TRA LOCAW ) SIGN

LacAv LDQ VAR

RQL 3 REPLACE TOP 3 BITS

LGR 3 BY NEXT OCTAL CHARACTER

RQL 3 PUT IN BOTTOM OF MQ

STQ VAR

REM CONES MERE WHEN } IS FOUND.

LOCAN TSX CMRCTR,4

T_P *_Z MINUS FOR NEW CARO

TSX TEST[6

LXA WORD[6 CHARACTER TO [RC

TXL LOCAVt6,7 OCTAL OIGITS

TXL ERRJtB_58 ALPHABETIC[ JUNK. B1 9.

TXH ERKJtAtS9 SPLITS I

LOCAX LXO JKI,2 COMMA
CLA VAR

TRA LOCi

REM CONVERT THE NUMBER TO BINARY.

LOCAY TSX BINARY.6

REM

REM COMES HERE IF ALF MODE,

LOCAZ TSX CHRCTRt6

TSX COMPAR.A

8CI l,)O0000

TRA *+5.2.2

TRA ERMK JUNK

TRA LOLAZ ALPHABETIC

TRA LOLAY NUMERIC

REM COMES MERE WHEN ) IS FOUND

01580

01590

01600

01610

01620

01630

01660

01650

01660

01670

01680

01690

01700

01710

01720

01730

01740

01750

OIT60

01770

0[780

01790

01600

OIBIO

01820

01830

01840

O[850

01860

01870

01880

0[890

01900

01910

01920

0;930

01960

01050

01960

01970

01980

01990

02000

02010

02020

02030

02060

02050

02060

02070

02O80

02090

02100

02110

02120

02130

02140

02150

02160

02170

02180

02190

O2200

02210

02220

02230

02260

02250

02260

02270

02280

02290

02300

023[0

02320

02330

02340

02350

02360

02370

02380

02390

02400

02610

02420

02630

02460

02450

02660

02470

02480

02490

02500

02510

02520

02530



LOC_ALXA VARpL ) SIGN

TNX ERRKt|_O ALF COUNT WAS ZERO.

SXO ALEt[

TSX CLEARw4

TSX CHRCTRt4 PULL THROUGH CHARACTERS ANO STORE

SUB -0L7 FILE FLAG, NEVER NEG.

TZE ERRB COUNT WENT PAST E 0 JOB.

TSK STORE,4 THEM ONE AT A TIME.

TIX e-Aw|*| GO BACK TILL NCHAR = [

LKO J_L

LXD MSHIFT,4

CAL BLANK

LGR 42p4
ORS VARehl FILL 1h PARTIAL WQRO WITH BLANKS.

LOC88 AXT 1_4 IKC T0 1

LXD JKL,2

CLA J PREPARE TU STORE ALF WDS

STO LOCBCL

LDCBC SKD JKLg2

CLA VAK+lm4

LOt4 STO *.p2

TXi ltltAt[ J • J + [

LOCBCI TXH LOLBUpCw*e

TXI LOCBC,2,1 JK=JK÷1

LOCBO STZ ALE

TS_ CLEAR,4

TSx CHRCTRF4 L_OK AT NEXT CHARACTER,

TQP e+2 MINUS FOR NEW CARD

TSX TE_T,4 PUT IN COMMA IF NEEDED.

SUB -HuOOOOt

TZE LOCAN GO RAISE AND STORE JKI.

REM

REN THESE ARE ERROR CALLS

ERRB T_X ERROR,4

BCI l,O(Bl

ERRD TSX ERROR,6

BCI 1,010)

ERRJ TSX ERKDR,4

BCI ItOiJ)

ERRK TSX ERRORt4

BCI 1,0(K)

ERRM TSX ERROR,4

BCI IpO(M)

ERRU TSX ERROR,4

BCI [,O(U)

REM

REM 3E COMES HER_ AFTER %0

LOCBG CLA =_U76100000000 NOP

STO* $ILINK) CLOSE BACKSPACE GATE

TRA LOCAL RETURN

REM PURPOSE OF 3END CARU I_ TO PROTECT FORIEGN OATA FROM

REM BACKSPACE WHEN CHAIN IS CALLED.

REM

REM ENu OF THE MAIN SEGMENT

REN THIS A ROUTINE TO _ACKSPACE THE INPUT TAPE WHEN A

REN CALL CHAIN IS GOING TO SPIL THE BUFFER.

REM THiS ROUTINE IS EXECUTEO FROM CHAIN VIA THE ONE

REM WORD SUBROUTINE (LINK) wHICH CONTAINS EITHER TSX OR NOP

TSXBS TSX LOCBSt4 TO BE STOREO AT (LINK

LOCB_ SXA _+4,4 SAVE INDEX 4

CLA INTAPE INPUT TAPE NUMBER

CALL $(10S) SELECT INPUT TAPE

XECm $(OSRi BACKSPACE IT

AXT *P,4 RESTORE INDEX

TRA 1,4 RETURN TO THE CHAIN ROUTINE

EJECT

REN THIS IS SUBROUTINE CHRCTK. IT STORES SuCCESSiVE

CHRCTR

LOCCA

LOCCB

LUCCC

LOCCD

LOCCE

REN CHARACTERS FROM THE CARD AT LOCATION WORD, READS

REM SUCCESSIVE CAROS INTO fHE ARRAY RECOROt AND PRINTS

REN $$ TYPE CAROS. THE FIRST CHARACTER FROM A NEW CARO

REN IS STOKED IN WORD WITH A MINUS SIGN.

REN

REH

SXO TEHP-LO,Z

SXC TEHP-I7,4

LXO I,_ CARD COL COUNT, SAW COUNT

TXH *+2_2,83 TOO EARLY TO READ.

XEC READ. GATE MAY BE CLOSED

LOQ q HAS UNUSE_ _H_CT_RS FROM BEFORE

CLA SIgN ZERO OP $ GOES TO TAG

ALS 6 SHIFT LEFT I CHARACTER

SLW TAb CLEARS OR PRELOAOS TAG

LXO ALF,4 NONZERO MEANS ALF MODE.

TXH COCCD,2,43 SAW COUNT GIVE_ COL Bl = _3.

TXH LOCCG,2,42 WAS COL BO PROCESSED.

PXO OtO CLEAR ACCUMULATOR.

LGL 6 SHIFT NEXT CHARACTER INTO ACC.

TIX LOCCE,2,Z4 COUNT DOWN BY 14

LOG RECORD+3,2 LOAD NEXT WORD

TXI I+k,2,69 JUMP BACK COUNTER,

TXH LOCCFv4,0 RETURN IF ALF MODE.

PAX OwL MOVE CHR. INTO INDEX [

TXH LO_CF,I,4B TRA MEANS GO00 CHARACTER.

TXH LOLCC_It47 TRA IF PLANK

TXH LOLCF=|t43 TRA IF GOOD CHARACTER.

TXL LOLCF,l,42 TRA IF GOOD CHARACTER.

ZET TA_ HERE ON $

TRA PRINT HERE ON $$ GO PRINT

TRA LObCA $ GOES TO TAG.

REM

02540

02550

02560

02570

02580

02590

02600

02610

02620

02630

O2640

02650

02660

02670

02680

026g0

02700

02710

02720

02730

02740

02750

02760

02770
02780

02790

02800

OZBlO

02820

02630

02BAO

02850

02860

02870

02880

02890

GZgO0

02910

02920

02930

029&0

02950

02960

02970

02980

02990

03000

03010

03020

03030

03040

03050

03060

030_0

03080

03090

03|00

O31lO

03&20

03130

03150

03160

03L70

03|80

03190

03200

03210

0322U

03230

03240

03250

03260

03270

03280

032g0

03300

03310

03320

03330

03360

03350

03360

03370

03380

03390

03400

03410

03420

03430

03440

03450

03460

03470

03480

03490

03500

03510

03520

03530

_6



LUCCF SXD te2

STQ O

ADD rAG

STO WOKO

LDQ SIuN

STZ SlbN

STZ TAG

LXO TEMP-ITt6

LXD TEMP-1082

TRA 1_6

REM PRINT DU[ THE

PRINT STQ Q

XEC* 8(TES)

XEC READ.

LDD Q

LGL 6

LDQ BLANK

ART 686

STQ OUTBUF÷Ig,4

TIX *-1,6,1

LGR 6

STQ OUTBUF

ART LAp6

LCQ RELDRD+214

STQ OUTBUF_IS,6

TIX *-2,6_1

TSX PRINXt6

TRA 1+3

LOCCG XEC READ.

XEC* SITES)

STZ TA6

AXT 14v2

LDQ INBUF÷Ikt2

STQ RECORO_2,2

TIX *-2,2,1
CLA TSXRO

STO READ.

LOCCJ AXT 8682

CCS =0

STO SIGN

LGL 12

LDQ BLANK

LGR 12

STQ RECDRD_i

L_Q RECORO-12

TRA LDCCA

REM

REN

LOCCK LXD

TXH

SGNOUT XEC*

AXT

LDQ

STQ

TIX

ART

LOD

STO

TIX

TEX

XECe

LUCQUT CALL

REN

OUT BCI

REM

REM END

EJECT

REM

REH
REH

CLEAR SXO

STZ

SXO

TRA

REM

REM

REN

REM

REN

REM

REN

REM

REM

REM

REM

REM

REN

COMPAR LDQ [86

AXT ],Z

COCOA PKO 0,0
LGL 6

TZE LOCDD

CAS WOKD

TXI LOCDA,2,1

TRA LD_OC

LOCOB TXI LD_DA,2,1

LOCOC CLA WO_D

TRA 2,6

$$

SAVE SAW COUNT

SAVE UNUSED CHARACTERS.

AITACH $ SIGN IF PRE_ENT.

SAVE THE CHARACTER AT WORD.

SIGN OF MQ NEGATIVE IF NEw CARD.

CLEAR SIGN.

CLEAR TAG OF ANY $

RETURN

CARDS.

CHECK FOR QUIET BUFFERS.

FETCH NEXT CARD,

SPACE CONTROL SAFE IN ACC

FILL END OF OUTPUT

BUFFER _ITH BLANKS.

SPACE CONTROL BACK TO MQ.

STORE SPACE CONTROL.

ALMOST ALWAYS A NOP.

wAIT FOR QUIET READ BUFFER,

CLEAR THE $$ CHARACTERS.

FETCH CARD.

16 WORDS

OPEN READ. GATE

CARD COL I IS 86

SET MINUS ZERO IN SIGN

SAVE COLUMN 79 AND BO

BLANK OUT COLUMN 81 TO 84

MAY HAVE LOOK AHEAD

COMES HERE ON END OF FILE FLAG

TEbTJK,6

RTN,6,0

SITES)

6t6

OUT*6,4

OUIBUF_6,4

*-Z,6,1

13t6
BLANK

OUIBUF+Ig,4

*-1,4,1

PRINX,6

S(TES) WAIT FOR QUIET BUFFER.

$EXlI THIS WAY OUT FOR KEEPS

6,IEND OF FILE INPUT TAPE JOB COMPLETE

OF THE SAP SUBROUTINE CHRCTR.

THIS IS SUBROUTINE CLEAR, IT INITIALIZES

NECESSARY PARAMETERS FOR SUBROUTINE STORE.

J=Q SET J TO O.

VAR CLEAR VAR(|).

HSHIFT,O RESET MSHIFT,

IT6 RETURN TO CALLING PROGRAM

END OF THE SAP SUBROUTINE CLEAR.

WAS DATA LOAOEO. YES RTN

WAIT FOR QUIET OUTPUT BUFFER

ThIS I= FUNCTION COMPAR. IT EXAMINES THE CURRENT

CHARACTER AND TESTS IT AGAINST THE CHARACTERS

FOUND IN THE ARGUMENT. ALPHABETIC ANO NUMERIC

SPLITS ARE MADE IF THE CHARACTER IS NOT FOUND

IN THE ARGUMENT. THESE TESTS ARE COUNTED AND

THE NUMBER LEFT IN INDEX 2 CORRESPONDS TO THE

SUECES3FUL TEST. IF NO TEST IS SUCCESSFUL

THEN INOEX 2 CORRESPONDS TO THE TOTAL TESTS +1.

USE FIRST ARGUMENT IN CALLING

PULL IN IST TEST CHARACTER.

DONE IF ZERO.

CHECK TEST WORD AGAINST CARD

CHARACTER,

E_UAL.

NOT EQUAL. GET NEXT TEST

CHARACTER.

PROGRAM RETURN.

03560

03550

03560

03570

03580

03590

03600

03610

03620

03630

03660

O3650

03660

03670

03680

03690

03700

03710

03720

03730

03760

0375O

03760

03770

03780

03790

O38OO

03810

03820

03830

03860

03850

03860

03870

03880

03890

03gOD

03910

03920

03930

03940

03950

03960

03970

03980

03990

06000

06010

06020

06030

04060

06050

06060

04070

OSOBO

04090

04100

04110

06120

06130

04150

04160

06170

06180

06190

06200

06210

06220

04230

06260

06250

04260

06270

06280

06290

06300

043|0

06320

04330

04360

06350

06360

06370

06380

06390

06600

06610

06420

06630

06440

04650

04460

04670

06480

TT



LOCOD CLA
POX

TNX

SXO

LXA

TKL

TXH

TRH

TIX
TIX

REM

TXH

LOCOE TXI

LOCDF TXI

REN

MEN END

EJECT

2,4 USE SECOND ARGUMENT IN THE CALLING

0,1 SEQUENCE (DECRENENT) AS THE TEST

LOCOC_1@1026 FOR ALPHABETIC-NUNERiC SPLIT,

LOCDF_I BECOMES ]NCRENENT
NO_DeI CHARACTER TO IRA

LOCOCt|*9 NUMERIC

LOCOFplp57 SPECIAL O ZONEp SX

LOCOEmlt69 ALPHABETIC 0 ZONE, NO /

• ÷_l,3Z KNOCK OFF 11 ZONE EXCEPT --

w+l,I,16 KNOCK OFF 12 ZONE EXCEPT +

÷ AND - SIGNS NILL BE (16110, / NILL BE (17)I0

LOCDFeIv9 SPECIAL
LOCDFp2t-1 ADJUST IRB FOR ALPHABETIC

LOCDCI2wee ADJUST IRB FOR SPLIT

OF THE SAP SUBROUTINE COMPARo

REM THIS IS SUBROUTINE ERROR. IT IS CALLED IF AN
MEN ERROR WAS DETECTED ON ANY OF THE INPUT CAROS,

REM

ERROR SRA J+_,6 SAVE SOURCE

XECt SITES) wAIT FOR QUIET BUFFERS

AKT lttA

CLA 1,4 GET PRINT ARGUMENT

STO OUTBUF

AXT I_I

CAS R
TRA e*3 S THROUGH V

TXI **ielt-I R

MES_A P_O BLANK+6,1 A THROUGH N

ANA w7_|7

ARS 16

ACL ME_SA
STA 102.

ART 4,4

I02. kOO .*,4
STQ ObTdUF*5,4

TIX *-Zt4,1

ART 14,6

lOO RECORD*2,6

$TQ OUTAUF+I9,6
TIX *-2,6,1

TSX PRINK,6

XECe $(TESI WAIT FOR QUIET BUFFER

AXT 19t2
CLA 8LANK

STO OUTBUF*Ig,2

TIX i-1,2,1

LOQ -H •

LXD 1,2

TKL •*2t2tTl

TX[ o÷_2_-69

RQL 6

TIX .-1,2,14

STQ OUTBUF*Ig_2
TSX PRiNXm4

XECe SITES]

LID ER_w,6

TXL LCLGUT,6,O

ART 12U8_4
SXO BLANK,4

LXA NRbGI*4

TXL •*2t6.0

TSX REAO*_Iw4

IOCEB TSX CHWCTRB4

TQP LOCEB
SUB =HOOOO$O

TNZ LO_EC TRA NOT A SDATA CARD
STQ* NREG[-1 PUTS - SIGN IN TABLE(I)

180 OLANK_7,6
SXO BLANKv6

LKO [NOX*216

TRA LOCA

LOCEC ADO =5 TEST FOR END FILE FLAG

TZE SGNOUT END FILE.. GET OFF
TRA LO_EB OTHER

REM

REN ERROR MESSAGES. FIRST WORD ALSO USED AS A 8LANK.

BLANK Eel 4, REDUNDANCY CHECK

BE| 6,ILLEGAL CHARACTER

8CI 4_N0 MANTISSA BEFORE E.

BCI 4BNO ENTRY IN TABLE
BCI 6_$TYPE MISSING OR WRONG

Eel 4eEXPON. OUT OF RANGE

REM

REN END OF THE SAP SUBROUTINE ERROR.

EJECT

REM THIS IS SUBROUTINE LOOK. IT SEARCHES THE TABLE

REM FOR THE NAME STORED AT LOCATION VAR. iF FOUND,
MEN THE ACE IS NON-ZERO AT THE RETURN*

REN

LOOK SXD TEMP-12t6 SAVE ]NOEX REGISTER C*

CLA J SUBROUTINE.

STO LOLFE

ART 2_2 JK = 2 IN [NOEX B

ART I,| J1 " I IN INDEX A
LOCF& CAL mr,2 CAL TABViJK).

TZE LOCFG NO ENTRY THIS VARIABLE

STD LGCFD DECREMENT HAS NEXT

ALL _G377777000000

ANA =OJ777770DOOO0 ENTRY LOC. SAVE DECR
SUB J ONLY. CHECK ENTRY LENGTH.

TNZ LGCFO IF NOT THE SAME, LOOK AT NEXT ENTR
PRD Ow_

POX Or6 JM - JK IN INOEX C.

PICK UP •

SAW COUNT

BACK UP IF OVER 71

ROTATE ACCORDING TO CHR PART.

COUNT CHARACTER PART.
STORE ACCOROING TO RESIDUAL

PRINT THE •

WAIT FOR THE • TO BE PRINTED

P|CK UP ERROR SN|TCH.

NON ZERO MEANS TRY NEXT SET
BYPASS MARK

HARK BYPASSED CARDS

NONZERO IF THIS $OATA CARU.

CRASH REAO GATE IF $OATA CARD.

SKIP TO NEXT $OATA AND TRY THAT SET.

06490
04500

06510

06520

06530

06560

04550

06560

06570

04580
06590

04600

066|0

04620

04630

04660

06650

04660
06670

06680

06690

06700

06710

06720

04730

06740
04750

04760

06770

04780

06790

04600

04BlO

06820
06830

04860

04650

06860

04870

06860

06890
04900

04910

04920

06930

04960
04950

04960

04970

06980

04990

05000

05010

05020

05030
05040

05050

05060

05070

05080
05090

05100

05i10

05L20

05130

05140

05150

05160
05170

05180

05190

05200

05210

05220

05230
05240

O5ZSO

05260

05270

05280

05290
05300

05310

05320

05330

05340

05350

05360

05370
05380

05390

05400

05610

05420
05430

05440

05450

05460

05670

05480

05490
05500

05510

05520

05530

78



LUCF8

LOCFC

LOCFD

LOCFE

LOCFF

LOCFG

NAME

LOCGB

LOCGC

LOCGE

LQCGF

LOCDG

ERRT

LOCGH

LOCGJ

LOCGK

LOCGL

ERRC

NUNBER

LDCHA

CLA VAR÷Z_[ SkE IF VAR AND THIS

GAS *-14 ENTRY AGREE

TRA *eZ IF SOt CHECK REST OF NAME

TX] *+2t6tl RAISE JM BY ONE.

TXI LOCFA-IIZgle IF NOT SOe GO TO NEXT ENTRY.

TXI *÷leltI RAISE Jl BY ONE,

TKL LOCFBtl,*" FINISHED IF Jl IS GREATER THAN J.

TSX CL_ARp4 CLEAR IF THE ENTRY AGREES.

CLAD LUCFA

STO ILUC SAVE COMMON INDEX AT ILOC.

LXO TEHP-12j4 PREPARE TO RETURN.

TRA It4 RETURN TO THE CALLING PROGRAM,

REM

REM

REM END OF THE SAP SUBROUTINE LOOK.

EJECT

REM THIS I_ SUBROUTINE NANEo IT IS USED TO

REM CORRELATE NAMES FROM INPUT CARDS WITH INTERNAL

MEN MEMORY LOCATIONS BY REFERRING TO THE TABLE.

RER

REM

SXO TEMP-20_6 SAVE INDEX C.

MEN GET TH_ REST OF THE VARIABLE NAME. STOP AT ANY

REM NON ALPHANUMERIC CHARACTER.

TSX STOREt4

TSX CHRCTRt4

T_P e+Z MINUS FOR NEW CARD

TSX TE$Tt4 COMMA MAY BE NEEDED.

TNZ m_3 LOOK FOR ZERO. IF ZERO_ HAKE IT

ACL =HO00OO0 A LETTER 0

STO WORD

TSX CUMPARt4

8CI l,=(OOO0

TRA *÷5t2tI

TRA LOCGF JUNK OR OPERATORS

TRA LOCGB NUHERIC OR ALPHABETIC

TRA LO_GG ( SIGN

STZ ILOCI - SIGN

MEN GO TO THE TABLE LOOKUP ROUTINE IF AN • SIGN

MEN OR AN uPERATOR hAS FOUNO.

TSX LOGKw4 FIND THE NAME IN TABLE,

TZE EMRT NAHE WAS FOUND IN TABLE IF NON-ZER

LXA ILUC,2

TRA LOCGL

REM

MEN GO TO THE TABLE VARIABLE LOOKUP ROUTINE IF A

REM ( SIGN WAS FOUND.

TSX LUOK_4

TNZ LO_GJ

TSX ERROR,4

BCl I,O(T]

MEN CONVERT THE [NOEX TO BINARY.

TSX BINARYt4

REM GET THE NUMERICS FOR THE INDEX TO THE VARIABLE.

TSX CHMCTRt4

TXL LULGHtlv9 NUMERIC

TXL ERKC,It2T jUNK

TXH ERRCtlt29 JUNK

TSX CHRCTR_4 ) SIGN. GET NEXT CHARACTER,

T_P **Z MINUS FOR NEW CARD

TSX TE_T_4 COMMA MAYBE NEEDED.

TAX COHPARI4

BCI lt=OOO00

TRA e÷4t2pL

TRA LOCGK OPERATORS

TRA ERRL ALPHABETIC AND NUMERIC

STZ ILUCI • SIGN

REM

CLA VAR COMPUTE STORING INDEX.

ACL ]LUC

PAX Or2 STORE ADDRESS AT OECRENENT WITHOUT

TXI D+1,2,-1

SXO JKt2 ACCUMULATOR OVERFLOW.

CLA ILUCI

LXD TE_P-20_4 RESTORE INDEX C.

TRA 1t4 RETURN TO CALLING PROGRAM.

REH CONSTANTS AND ERROR CALL.

TSX ERROR,4

BCI 1,0(CI

REM

ARM END OF THE SAP SUBROUTINE NAME.

EJECT

MEN THIS |_ SUBROUTINE NUMBER. IT IS USED TO

REM ASSEMBLE NUMERIC DATA FROM CARDS. ALL VALUES ARE

REN TREATEu AS FLOATING POINT NUMBERS IN THIS ROUTINE.

REM

SXO TEMP-23_4 SAVE INDEX C.

SXO KNTZt4 INITIALIZE

STZ KNT3 - THE SUBROUTINE
STZ KNTI BRANCH PARAMETERS.

STZ KNT4

STZ TEMP

TRA LO_HB

REN

TSX CHKCTRt6

TOP e+2f MINUS MEANS FROM NEW CARD

TSX TE_T,4

05540

05550

05560

05570

05580

05590

05600

05610

05620

05630

05640

05650

05660

05670

05680

05690

05700

057|0

05720

05730

05740

05750

05760

05770

05780

05790

05800

05810

05820

05830

05840

05850

05860

05870

05880

05890

05900

05910

05920

05930

05940

05950

05960

05970

05980

05990

06000

06010

06020

06030

06040

06050

06060

06070

06080

06090

06100

06110

06120

06130

06160

06150

06160

06170

06180

06190

06200

06210

06220

06230

06260

06250

06260

062T0

06280

06290

06300

06310

06320

06330

06340

06350

06360

06370

06380

06390

06_00
06410

06420

06630

06440

06450

06660

06470

06680

06490

06500

?9



LOC_

LOCHC

LOCHO

LOCH01

LOCHDZ

LOCHE

LOCHF

LOCHG

LOCHH

LOCHJ

TSK

BCl

TRA

TRA

TRA

TRA

TRA

CLA

TNZ

TSX

0CI
STZ

STZ

TRA

CLA

ADO

STO

LMA
TXH

TEX

TZE

TXl

SXA
TRA

REN
CLA

TNZ

TSX

Br I

CLA
TRA

CLS
TNZ

STO

GL*

TNZ

SXD

TEX

TOP

TSX
TSX

BCI

TRA
TRA

TRA

TRA

TRA

TRA

TRA

REM

CLA

ALS
AO0

ALS

ACL

STO

SXO

TRA

REM
CLA

TZE

LOC_K CLA

TZE

STZ

CLA
S_8

TPL

PRO

SUB
ADD

STO

REN

CLA

TZE

LDQ

LGR

RQL

LRS
STO

ORA

FAD

FRN
STO

CLA

ART

LDQ

LOCHL LOT

TRA
TgH

STO
FNP

XCA

CLA

LDCHR ARS

TZE

TX!

LOCHN TNI
FNP

FRN

TRA

LOCHO STO
CLA

FOP

XCA

LOCHO LXD
TRA

REH

COMPAR,4

1t. E0000
Jt6,2e2

LOCHK JUNK OR AN OPERATOR

ERRE ALPHABETIC

LOCHC NUMERIC

LO_HE E

XNTZ DECIMAL POINT.
*÷9 ZERO MEANS THIS IS THE SECOND POIN

ERROR,4

1,0IN)
KN_Z

NEKP

LOCHA

NEXP COUNT THE NUMBER OF DIGITS BEHIND

-1_35 THE. IF THERE |S ONE

NEXP.

RNTItl
LOCHD2tlolO DO NOT ACCUMULATE PAST lO

BINARYt4 CONVERT THE DIGIT TO BINARY,

LOLHA DO NOT COUNT LEAD|NG ZEROS.

eeli1pl COUNT TOTAL NO* OF DIGITS

RNTI,|
LOCHA

CONES HERE WHEN THE EXPONENT FIELD IS

KNTI ENCOUNTERED.

LOCHH THERE MUST BE AT LEAST ONE DIGIT

ERXORw4 BEFORE THE E OF AN E FORMAT NUMBER

l,OISl
KNT3 SEE IF EXPONENT DIGITS HAVE ARRIVE

e+2

XNT3 SEE IF EXPONENT DIGITS HAVE ARRIVE

LOCHK-2 NON ZERO MEANS SIGN IS OPERATOR.

TENP STORE SIGN OF EXPONENT.

KNT4

ERRF NONZERO MEANS MORE THAN | EXP SIGN

KNTA,2 MAKE NOZERO.

CHRETR,4

eeZv MINUS MEANS FROM NEN CARD

TESTt6
COMPARe4

lee-.000

*+7,2,2
LOCHR-2 OTHERS

ERRF ALPHABETIC

LOCHJ NUMERIC

ERRF DECINAL

LOCHG MINUS

LOGHF PLUS

CONVERT THE EXPONENT TO BINARY.
TEMP

2

TENP

L

WORD

TENP

KNT3p2 RECORO PACT FOR SECOND SIGN.

LOCHH
COMES MERE _HEN AN OPERATOR WAS FOUND.

KNI3 TEST FOR THE PRESENCE OF EXPONENT.

ERRF ZERO MEANS NO EXPONENT CAME.

KNTZ
e+2

NEXP

KNI| SEE IF MORE THAN TEN NUMBERS HAVE

=10835 BEEN CONVERTED

I+2 IF SO, USE THE DIFFERENCE IN THE

0,0 CUNPUTATION OF THE EXPONENT.

NEXP
TEMP

NEXP

MANTISSA Ih VAR AND THE EXPONENT IS IN NEXP.

VAR

LOCHQ SHORT CUT IF ZERO.
-0_3300000OO00 CHARACTER|STIC FOR LOW BITS

8 LOw B 81TS TO NQ

8
0 BRING SIGN

VAR

=0243000000000 CHARACTERISTIC FOR HIGH BITS

VAR

VAR

NEXP THE EXPONENT

It2

"l. PUT I IN MO
EXPONENT IN ACCU

LOCF;N FOUND NO BIT.

ERkV,Ze6 EXPONENT EXCEEDS 63

VAR-2

TAd+L_2 THIS FORMS 10 .-NEXP

SAVE IN MQ

VAR-2

[
LOCHN IOleNEXP FINISHED.

LOCHL_2_I
LD_ND MULTIPLY IF PLUS.

VAR

LOCHQ

VAR-Z

VAR DIVIDE IF NEXP IS NINUS.

VAR-2
ANSWER BACK TO THE ACCUN

TERP-23_4 RESTORE INDEX C.

It4 RETURN TO CALLING PROGRAm.

THESE ARE THE ERROR CALLS FOR SUB NUNBR.

06510

06520
06530

06540

06550

06560

06570

06580
06590

06600

06610

06620

06630

06640

06650

06660
06670

06680

06690

06700

06710

06720,

06730
06740

06750

06760

06770

06780

06790

06800
06810

06820

06830

06840

06850

06860
06870

06880

06890

06900

06910

06920

06930
06940

06950

06960

06970

06980

06990
07000

07010

07020

07030

07040
07050

07060

07070

07080

07090

07100
OTIIO

07120
07130

07140

OTISO

OTlbO

07170
07180

07190

07200

07210
07ZZO

07230

07240

07250

07260

07270

07280

07290

07300
07310

07320

07330

07340
07350

07360

07370

07380

07390
07400

07410

07420

07430

0T640

07450

07460
07470

07480

07490

07500

07510
07520

07530

07540

07550
07560

07570

80



ERRE TSX ERROR,4

8CI [rOlE)

ERRF TSX ERWORt4

BCl ZtOlF)

ERRV TSX ERROR,4

8CI I_OIV)

RIM

REM THIS I_ THE FLOATING PT. TABLE USEO IN DBC

DEC IE_32,IE*16FIE*BlIE_AtLE÷Z CONVERSION TABLE

TAB DEC IE÷I

REM

REM END OF THE SAP SUBROUTINE NUMBER.

EJECT

07580

07590

07600

07610

07620

07630

07640

07650

07660

07670

07680

07690

07700

REM THIS IS SUBROUTINE STORE. IT STORES CHARACTERS

REM AT THE ARRAY VAR.

RIM

STORE SXO TEMP-I3,1 SAVE INDEX A.

SXO TEMP-IkI2 SAVE INDEX B.

LXD J,I PUT J INTO INDEX REGISTER A.

LOCJA LXO MSHIFT,2 LOAD INDEX B WITH MSHIFT.

TIX LOLJB,2,6 ADVANCE MSHIFT.

AXT 36t2 REFRESH MSHIFT.

TXI e+l,l,l RAISE J BY ONE IF MSHIFT IS OVER

5TZ VAMeI CLEAR NEXT CELL
LOCJB CLA WORD LEAVE SIGN BEHIND

LOD mO

LGR 62p2 MOVE CHARACTER

STQ TEMP-7 PLACES TO THE LEFT.
CAL TEMP-7

ORS VAR_III STORE THE CHARACTER AT VAR.

SXD MSHIFTv2 SAVE MSHIFT.

SXD Jil SAVE J.

LXD TEHP-13,1 RESTORE INDEX A.

LXD TEMP-14_2 RESTORE INOEX B.

TRA I14 RETURN TO CALLING PROGRAM.

REN

REM END OF THE SAP SUBROUTINE STORE.

EJECT

RIM THIS I$ SUBROUTINE TABLE. IT IS USED TO

REM CONSTRUCT A TABLE OF NAMES TO 6E USED ON CARDS

REMANO THEIR MEMORY LOCATIONS RELATIVE TO ARG 2 OF

REM THE CALLING SEQUENCE.

REM
REM

TABLE SXD TEMP-15,4 SAVE INDEX C.

STZ T_MP

LDCKA TSX CMRCTRv6

TSX CDNPAR_A

BCI I,,OOOGO

TRA t÷So2t2

IRA LDCKD_I JUNK

TRA LDCKA ALPHABETIC

TRA LDCKD_I NUMERIC

LOCK8 STZ TEMP COMMA

TRA LOCRD

REM COMES HERE IO CONVERT THE ADDRESS TO OCTAL FOR

LOCKC CLA TENP THE TABLE.

ALS 2
ADD TEMP

ALS 1

ACL WDWD

STO TEMP ADDS TO MAGNITUDE

REM

REM COMES HERE TO GET NUMERICS.

LOCKD TSX CH_CTR,4

TSX CDMPARt4

BCI 1,.-/000

TRA "÷T_212

TRA ERRA JUNK

TRA ERRA ALPHABETIC

TRA LOCKC NUMERIC

TRA LDCKT / CHARACTER

TRA LDCKF " SIGN

REM

REM CONES HERE IF A DECIMAL PT WAS FOUNO.

LOCKE CAL TEMP DECIMAL POINT

CHS HARE SIGN MINUS

STO TENP

TRA LOLKD

REM

REN CONES HERE IF AN • SIGN WAS FOUND.

LOCKF TSX CLEAR,6

LDCKG TSX CHRCTR,4

TOP Jt2, MINUS MEANS FROM NEW CARD

TSX TE_TT,4
TZE LDCKH

TSX CONPARp6

BCI l,/,BOO0

TRA "+5t2,1
TRA ERRG JUNK

TRA LDCKJ ALPHAEETIC OR NUMERIC

SXO Bt2 COMMA

SXD Bt2 SLASH
TRA LOCKK

REM

REM COMES HERE TO STORE CHARACTER.

LOCKM ALL -HO000OO REPLACE ZERO WITH LETTER O

STO WORD

LOCKJ TSX STORE,4

TRA LOCKG

REN CONES HERE AT END OF NAME.

077L0

07720

07730

07760

07750

07760

07770

07780

07790

07800

07810

07820

07830

07840

07850

07860

07870

07880

07890

07900

07910

07920

07930

07940

07950

07960

07970

07980

07990

08000

08010

08020

08030

OBOAO

08050

08060

OBOTO

08080

08090
OBLOO

O8llO

08120

08130

08140

08150

08160

OB17O

O8IBO

OBlgO

08200

08210

08220

08230

08240

08250

08260

08270

08280

08290

08300

08310

08320

08330

08340

08350

0836D

08370

08380

08390

08400

08410

08420

OBA3O

08440

08450

08460

08470

08480

08490

08500

08510

08520

08530

08540

08550

08560

08570

08580
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LOCKK

LOCKL

LOCKN

LOCKN

LOCKP

LOCKQ

LOCKR

LOCKS

LOCKT

ERRA

ERRG

TEST

LOCLC

LOCLO

TSX

TNZ

LXO
TXi

PXO

ACL

5LH

SXO

TXI

CAL
XEC

TNX

TX!

ARS

TZE

REN

RER
LXD

TXH

LXO

TRA

REH

REH

ANA

ACL
XEC

TRA

CAL

TZE

REM
REN

RER

TSX

BCI
TSX

BCI

REN

LOOK,6
LO_KR GOES TO LOCKR iF THERE ]S AN ENTRY

JIl

• ÷l,ltl ASSEMBLE KEY

0_1 iRB HAS FIRST FREE LOC.
TENP

ow,2 STORE KEY INTO TABLE

m+l,1 AOVANCE TO END

m÷112p*e
VAR+I,I MOVE NAME, 0 TO TABLE

LOCKL SLW IN TABLE

w÷Z,l,1 TRANSFER WHEN DONE

LOCKN,2,-1 GO BACK TO FINISH

34 KEEP ZONE OF IST VAR CHo
ERRG WAS NUMERIC. OR J=O

REEXAMINE THE CUT OFF CHARACTER.

B,2
LOCKB,2,1 CDHMA

TEHP-15.4 / CHARACTER

1,6 RETURN.

CONES HERE TO REPLACE KEY
-0_77777000000 J+l iN DECREHENT

TEHP LOCATION ANO SiGN

LOLKL SLW IN TABLE

LOCKP

TENP IS / LEGAL

LOCKQ YES

TRA ERRA NOt NUMERICS WAZTING

THESE ARE THE ERROR CALLS.

ERkOR_6

L,OiA|
ERRORe6

leOIG)

REM END OF THE SAP SUBROUTINE TABLE

EJECT
REM THIS |$ SUBROUTINE TEST, IT LOOKS AHEAD TO CLASSIFY

A NEW CARD. ACOHMA WILL 88 PUT INTO THE CURRENT

CHARACTER POSIT!ON ONLY IF EITHER 1|) THE NEXT

CARD B&GINS _ITH A $ SIGH FOLLDHEO BY SOME OTHER
CHARACTER OR IZ) THE NEXT CARD BEGINS WITH AN

ALPHABETIC AND AN = SIGN IS FOUND AND IT PRECEEOS

ALL p $ AND . CHARACTERS ON THAT CARD.

REN

REM

REN

REN

REM
REM

REM

REN

SRD

SUB

TPL

XEC
TXL

TIX

TIX

TKH

REH
AXT

CO0
TXl

TXL

PXO

LGL

PAx

TENP-iZ,4 SAVE INOEX FOR RETURN.
-HO000SO TEST FOR A $ SIGN.

LO_LA POSITIVE HEANS $ SIGN.

READ. SAFE TO REFILL BUFFER

LOCLB,It16 NUMBERS ANO SPECIAL

**111_33 FIX SO SLASH IS SPECIAL

*,1.16 N00 OUT ZONE

LOCLB_lt9 SPECIALS
ALPHABETIC CONE 7HRU.

1511 SCAN THE CARD.
RECORD+3tl

eelllt69 FOR CHARACTER COUNT

LOCLBtlpTO DONE IF WHOLE CARO SCANNEO

0,0 OK TO.SEARCH 8_ COLUNNS

6

012 ZONE TO ZRB
=O17 KEEP DIGIT

=013 DIGIT PART OF iS.= CHR.

LOCLJ CHECK ZONE

LOC10,1,14 TRY NEXT CHARACTER

LOCLC+I
L0_L8t2115 e • $ NEED NO COMMA

86,1 86 IS CARD COL t

ieL RESET CHRCTR TO BEGIN CARD

RE_ORD-12

Q
-HO0000_ SUBSTITUTE A COMMA.

WORD

TENP-L2t6
WO_D IN AC FOR SR NAMEe TABLE

1e6 RETURN TU THE CALLING PROGRAH.

ANA

SUB

TZE

TIX

TRA

LOCLJ TXH

LOCLA AXT
SXO

CLA

STO

CLA

STO

LOCLB LXO

CLA
TRA

RE_

REM

TESTT SXO
AXT

LDQ

LOCNB PxD
LGL

PAX

TXH

TXH
TXH

TXH

TXH

LOCNC

FOR TABLE SUB STATEMENTS

TEHP-12,6
84,4 IF NEXT CARD HAS VALID

RECORD-12 LEFT PART OF SUB_TATERENT

0,0
6

012

LOCLBtZ,68

LOCNC,Zt67
LOCLB,2*Z?

LOCLAtZ,Z6

kO_LBtZell

TXH LOCLA_2tlO

TTX LDCNB_¢t16

LOG RECORO÷3t6

TNX LOCLB,6,Z

TXl LOCNB,6,70
REN

REM ENO OF THE SAP SUEROuTINE TEST.

EJECT
REH THE FOLLOWING FOUR SUBROUTINES ARE uSEO TO

REM CONVERT DECIMAL DIGITS TO BINARY iN VANe

REH FiX FLOATING POINT NUHBERSv FLOAT FixED POINT

RER NuMBERSt AND FORM ARITHMETIC RESULTS IN THE

HEN PSEUDO ACCUMULATOR IACC] FOR EACH OPERATION

REH OH A CARD.
REM

0 ZONES EXCEPT BLANK

BLANK

11 ZONES AND )

_2 ZONES AND 8-6

NUMERICS AND BLANK

08590

08600
08610

08620
08630

08640

08650

08660

08670

08680
08690

ORTO0

OETlO

OE7ZO

08730

08760

08750

08760

08770
08780

08790

08800

OBBLO

08820

08830

08840
08850

08860

08870

08880

08890

08900

OEqlO

08920

08930
08940

08950

08960

OBgTO

08980

08990

09000

09010

09020
09030

09060

09050

09060

ogo70
09080

09090

09100

09110

09130

09160
09150

09160

09170

09180

09[90

09200
09210

09220

09230

09240

09250

09260

09270

OgZBO
09290

09300

09310"

09320
09330

09360

09350

09360

09370

09380

09390

09600

09410

09620

09430

09660
09650

09460

09470

09480
09690

09500

09510

09520

09530

09540

09550

09560
09570

09580

09590

09600

09610

09620

09630
09640
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BINARY

FLT

FXX

ACCUM

ACCUN

LOCNA

kOCMB

PRINX

PRINY

TSXMR

10C0

READ.

ART

TSXTS

TSXTT

RTT

R

SXA.

CLA VAH ACCUMULATE A SERIES OF BASE 10

ALS 2 O]GZTS IN BINARY IN VAR.
AO0 VAR

ALS E

ACL WORD

$TO VAR

TRA 1,4

REM

CLA TEMP CONVERT TO FLOATING PO|NT THE

LRS 18 CONTENTS OF THE STORAGE CALLEO

ORA -0233000000000 TEMP.

FAO =0233000000000
STO TEMP LEAVE THE ANSWER iN TEMP.

TRA 1,4
REM

UFA -0233000000000 CONV TO FIXED PT THE CONT

LRS 0 OF THE ACCUMULATOR. '

ANA -03777TT

LLS 0

ALS 18 LEAVE THE FIXED POINT NUMBER IN

TRA 184 THE ACCUMULATOR.
RiM

LXO OPERe2 BRANCH FOR OPERATOR

STZ OPER PREPARE FOR NEXT OPERATOR.
CLA TENP

TRA *÷S,2

TRA LOCMBTRA LOCRA

CHS MINUS

FRO ACC PLUS

STO ACE NONE

TRA 1f6
REM

CLA ACe OIVZOE.

FOP TEMP

STD AGO

TRA 1,4

REN

LOQ ACC MULTIPLY.
FMP TEMP

TRA AC_UN

RiM

REH

REMENO OF THE SAP SUBROUT|NES ACCUMt FIX_ FLOAT.

EJECT

REM SUBROUTINE FRINX DRAINS PRINT BUFFER TO LOGICAL TAPE

RiM GIVEN IN DECREMENT OF OUTAPE

5XA PRLNYI6 BUFFERED WRITE ROUTINE

CLA OUTAPE LOG|OAL OUTPUT TAPE NUMBER
CALL [[DSJ

ARC iOCOt4XEC* S(NRS) 0"_"_----_

XECQ BIRCH) =RCHL 0_4

PRA 0t6 SAVE LOC OF

STAe S(_TC) 10 COMMANO FOR |MER)

CLA TSXMK PRESET END ACTION
STOl SITES|

AXT e.t4
TAR 1.4

CALL INER) EXECUTED FROM [TES)

|ORT OUTBUFwtI9

EJECT

RiM
TSX

CLA

STO *-2

SRA ARTs4

CLA )NTAPE LDG|CAL INPUT TAPE NO.
CALL ([USJ

ARC [OCO.t4
XECB BIRDS) =RTOL5

XEC B SiRCH) aRCHL 0_4

CLA TSXTS SET UP BUFFER TEST
STO* SITES|

ABT *ej4
TMA ly4

TSX *,1.6 EXECUTED FROM [TES)

SKA ARTs4 CLOSE OUT BUFFER

CLA "0076100000000 SAY BUFFER IS QUIET

STO* SITES]

AXT 5,4 PRESET REDUNDANCY
SRA RTT.4 COUNT

ARC *_1,6

XECe S[TCO) =TCOL 0.4

ARC RTTt4

XECe S(TRC] -TRCL 0,4

ARC KIT..4

XEC* $[TEFI =TEFL 0t6 JOB COMPETE
TRA ART RETURN

ART **14 INTERROGATE COUNT

T|X 5KA*t4.| GIVE ANOTHER TRY

ART 16_4 CARO SURE BAD

CLA ]NuUF+14,4 SAVE IMAGE

$TO RECQRO*2,4

TIX *-2*411
ART 86,4 MAKE ERROR ROUTINE LOSE*

$X0 ],4 IN INPUT BUFFER

TBX ERROR.4

BC[ 1,0(R]

SXA RTT,4 SAVE COUNT

AXC **214
XECe SiTEF) TURN OFF LOP IND

XECe SIbSR] BACKSPACE,

ARC 10C0.,4

XEC* SIROS] REREAO
XECe siRCH]

TRA TSxTT

SUBROUTINE READ. FILLS REAO BUFFER FROM LOGICAL TAPE 7.

REAO**ip4 REAO* GATE iN|T[ALLY OPEN

-007610000B000 CLOSE READ GATE

09650

09660

09670

09680

09690

09700

09710

09720

09730

09740

09750
09760

09770

09700

09790

09800

09810

09820

09830

09840

09850

09860
09870

09800

09890

09900

09910

09920

09930

09940

09950
09960

09970

09980

09990

10000

10010

10020

10030

10040
10050

10060

10070

10000

10090

10110

10130

10140

10150

I016O

lOtTO

10180

10190
10200

10210

10220

10230

10240

10250

10260

10270

10280

10290
10300

10320

10330

10340

10350
10360

10370

10380

10390

10600

10410

10420
10430

10440

10450

10660

10470

10480

10490

10500
10510

10520

10530

10540

10550
10560

10570

10580

10590

10600

10610

10620
10630

10660

10650

10660

10670

10680

10690

LOTO0
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IOCD.

xIT°

INBUF

OuTBUF

RECORO

i

ERSW

Q

WORO

OPER

B

NEXP

J

MSNIFT

ILOC

TENP

KNTI

KNT2

KNT3

SIGN

TAG

ALF

JK

4K1

ACC

ILOCI

KNT4

VAR

IORT INdUF,,14

CLA =053L700000000 FILE FLAG

STO INdUF

TRA AXT

EJECT

REM BUFFERS ANO GOMMON STORAGE ASSIGNMENT

BCI 7,$E

8CI T,

8CI 7,

BCI 7,

BCI 5,

REN i,iiJuteeeeut COMMON STORAGE MAP

COMNON -203 MOVE TO TOP-3

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

SYN

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

CONNON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

COMMON

ENO

13

;.3

1

1

l

1

1

153

ERROR

CO iMG --12 TOi+l

CHARACTER POINTER FOR CARD

SWITCH ZERO - GET OFF

UNTESTED CHARACTER_

CURRENT CHARACTER

DECR. REPRESENTS OPER.

TEMP INDEX iN SUB TABLE

NUMERIC VALUE DF EXPONENT

COUNTER IN SUB STORE

COUNTER IN SUB STORE

DATA BROUGHT FROM TABLE

TEMPORARY STORAGES

COUNTER TOTAL UIGITS

NONZERO UNTIL. FOUND

ZERO UNTIL DIGIT IN EXP

MINUS IF SdB CHAR READS C

SAVES $ IN SUB CHAR

NONZERO MEANS ALF MODE

SUBSCR CORR TO NAME

CURR 5UBSCR OF LEFT SIDE

PSEUDO ACCUMULATOR

iLOC FOR LEFT SIDE

NONZERO AFTER EXP SIGN

SPACE FOR NAME$_ ETC.

lOTlO

lOT20

L0730

iOt40

10750

10760

10770

10780

10790

10800

IOBlO

10820

10830

10840

10850

10860

10870

10880

I0890

10900

10910

10920

10930

10940

10950

10960

10970

10980

10990

llOOO

llO1O

llOZO

11030

11040

II080

L1060

1107O

11080

11090

11100

11110

(LINK)

COUNT I

REN ONE wORD SUBROUTINE TO CONTROL BACKSPACE OF INPUT TAPE

LBL LINKe6

ENTRY (LINKJ

NOR

END



API_IVDIX I

EXAMPLE II: LUNAR ORBITING PROBE

This example of a lunar orbiting probe illustrates the use of the ephemeris

tape and the control parameters needed to consider the effects of perturbing

bodies, atmospheric forces 3 oblateness, rotating Earth_ and thrust. No effort

was made to optimize this trajectory but rather to use plausible values for

illustrative purposes. It is suggested that the input instructions contained in

appendix G be read prior to the following detailed discussion.

Suppose the probe was launched at Cape Canaveral on December 73 1961, by a

three-stage vehicle with stage parameters as shown in the following table:

Parameters

Initial mass, mo_ kg

Engine exit area, Aej m2

Vacuum specific impulse, I, sec

Propellant flow rate_ -_3 kg/sec

Burning time_ tb3 sec

Aerodynamic reference area, S`, m2

150_000

Stage

52_500

3.0

¢2O

750

117

7,5

1.0

420

125

207.9

4..0

3

23,,625

.5

420

56.25

370

2.0

Figure 4. shows the assumed variation of CDs0 ,̀ CD_i_ and CL with Mach number as
well as the angle-of-attack schedule.

The vehicle will be flown as follows: First_ there will be a short nondrag

vertical flightj after which the desired velocity orientation will be set 3 and

then a turn will be executed determined by gravity and the angle-of-attack sched-

ule until first-stage burnout. The second and third stages follow a continuation

of the same turning pattern, The third stage will be powered until the eccen-

tricity of the trajectory equals i,i0, It will then coast until it is at lunar

pericenter3 at which time the engine will again be turned on (with _ = _) until

the orbit about the Moon becomes nearly circular.

The chosen integration mode will be rectangular for the powered flight3 but

the mode of orbit elements will be used for the coast portions. Other bodies

considered besides the Earth and the vehicle are the Sun3 the Moon_ and Jupiter.
Jupiter is included to illustrate the use of ellipse ephemerides. The Sun and

Moon will illustrate the use of the tape ephemeris.

The correct firing direction and launch time remain to be determined. This

determination can be made by finding approximate values and then adjusting these

values after one or more shots are fired. The adjustments could be made by an
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iteration schemeprogramed internally to makea closed system. For this exam-
ple_ howeverj they were madeby hand by firing several shots at various azimuth
angles close to an estimate obtained by using reference 12 and an ephemeris.
From a plot of the z-direction cosine of the vehicle-Moon distance against
vehicle-Earth distance3 the azimuth angle that will intersect the Moon orbit can
be determined. The correct launch time is found by using the previously deter-
mined azimuth angle and various times of day to determine the time of day at
which the vehicle intersects the correct position in the Moon orbit (location of
the Moon). This type of analysis gives an azimuth angle of about 64.5° and a
time of day of about 7.0n E.T. (E.T. is ephemeris time 3 which is approximately
equal to Greenwich meantime.) For the present purpose_ these values will be
used.

The program begins by constructing the merged ephemeris tape for the Sun
and Moon. This is done by SUBROUTINETAPEin conjunction with the input shown
as follows:

SDATA=30C,$TABLE,2=TAPE3,17=ELISr,29=[_EGIN,_0=IEND/ $$ IO. A_[_ TA_LF CEFIr_III()N

TAPE3=C $3 NECESSARY It_ MAKE TAPE

ELIST:(A3")SttN,{A6)MOON $_ LIST OF DESIRED EPHEMERIS BGDIE_

TBEGIN=2_37640.5 $$ JULIAN BEGINNING DAIE

IE_D=IBEGIN+5 $$ JULIAN ENDING DATE

After the merged ephemeris tape is constructed 3 the set of standard data in

SUBROUTINE STDATA is loaded_ and the input is loaded as shown:

SDATA=I,$TABLE, 33=DTOFFJ, 34=TOFFT, 711=TIME, 716=X, 717=Y, 7IS=Z,

713=VX, 714=VY, 715=VZ, II.=IMODE, 713=E, 714=OMEGA, 7IS=NODES,

716=INCL, 717=MA, 718=P, 43=LAT, _4=LONG, 45=AZI, 46=ELEV, 14=ALT,

47=VEL, 16=TFILE, 28--TMIN, I53=BODYCD, 177=ELIPS, 30.=MODOUT,

27=STEPS, 29=DELMAX, 26=STEPMX, 2$=EREF, 24=ERLIMT, 4.=NSAVE,

5=RECALL, 3=CLEAR, 18.=L00KX, 22=XL00K, 19.=L00KSW, 20=SWL00K,

609.=INL00K, IS=END, 31=ATMN, 32=RATM, 49=ROTATE, 417=COEFN,

163.=ICC, 60=BETA, 50=0BLATN, 73=TB, 93=FLOW, i03=SIMP, 123=AREA,

143=DELT, 8$=RMASS, Ii3=AEXIT, !33.=IDENT, 48.=LSTAGE, 25=TKICK /
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BODYCD=(A5)EARTH,{A4)MOON,(AB)JUPITE, {A3)SUN $$ BODY NAMES, IST IS ORIGIN

ELIPS=|ALF6)JUPIIE,(ALF3)SUN,.954786[E-3,4.8LE_[O,5.1gI3995, $_ ELLIPTIC DATA
.0486288,.1765935,.O56971884,.40587194,2433964.,.6664,4333.715355 FOR JUPITER
COEFN=O,.4,0,.&,I,I.15306,-.16326,.OIC204,8,.5,,,IO0,,£O,,, $$ AERO. COEFF.
IO0,,.025,,,IOC,,,,,I5,-.6,.04,,40,.7,,,[IT,,,,IE3,1_O,,,IE8,ICC=24,I4,1g,[ _$

RMASS=150000,525CO,23625
FLOW=750,125,56.25,0,56.25

SIMP=420,_20,420,,420
AEXIT=3,[,.5

AREA=7.5,4,2
TB=IIT,207.g,400,IE7,50,3600
CELT=2,2,2,864CO,2,600

IDENT=,2,3,4,5,6
DTOFFJ=2437640.5,TOFFT=7/24

$$ STAGE MASSES
$$ STAGE FLCW RATES

$$ STAGE SPECIFIC IMPULSES
$$ STAGE ENGINE EXll AREAS
$$ STAGE AEROUY. REFERENCE AREAS

$$ SIAGE BUt_NING TIMES
$$ STAGE INITIAL INTEGRAFION STEP SIZES
$$ STAGE INPUT IDENTIFICATION NU_ERS
$$ TAKE-OFF DATE AND FRACTION OF DAY

LAT=28.280,LONG=-80.57£tELEV=81.755 LATITUDE,LONGITUOE,ELEVATInN
AZI=64.5,ALT=IC,IMOOE=_

MODObI=2tDELMAX=50
STEPMX=300, OBLATN=(AS)EARrH
[KICK=IO
ROTATE=7.292LI585E-5

ATMN={A5)EARTH,RATM=IEXI
EREF=IE-5,ERLIMT=5E-5

$$ AZIMUTH, ALTItUDE,INtEGRATION MODE
$$ MODE OF OUTP_T, lIME INTERVALS OF OUIPUT
$$ MAXIMUM ALLO_ED STEP NUMBER, _fiLATE _ODY
$$ TIME OF [HE VERTICAL NON-I)RAb STEP
$$ ROTATION RATE OF THE ORIGIN bODY (EARTH:)

$$ ATMOSPHERE NAME, RADIUS OF ATMGSPIIERE

$$ R E_F_ERENCE ERRUR, LIMIT ERROR

SUBROUTINE ORDER reorders the list of bodies putting the Sun before Jupiter

(i.e.j the Sun's position relative to the vehicle must be found before Jupiter's

relative position can be computed). The elliptic data for finding Jupiter's

position are relocated according to the computed body list. The gravitational

constants_ _ and -_3 are then calculated. The atmosphere belongs to the body

at the origin (Earth) so that the rotation rate and atmospheric radius are set.

The final duty of ORDER is to position the merged ephemerides tape at the be-

ginning of the correct ephemeris. In this case 3 only one merged ephemeris was

constructed_ nevertheless 3 it still must be identified and spaced to the begin-

ning of the data.

The main program nov calls SUBROUTINE STAGE_ which is responsible for con-

trolling the sequencing of the stages for the flight. The data for the first

stage are set into their proper locations as in example I. Before calling SUB-

ROUTINE NBODY_ ho_ever_ SUBROUTINE TUDES is called (since !MODE = _) to trans-

form the Earth-centered spherical coordinates into rectangular cQordinates. _ In

addition 3 TUDES computes the closed-form solution for the initial vertical non-

drag step. The path is integrated from this point on3 vhere the initial orien-

tation is specified by the spherical coordinates, The small error introduced by

this procedure is offset by avoiding the complications associated with integra-

ting the takeoff. One such difficulty is the thrust-dlrection specification _hen

the velocity is zero 3 especially if the origin body is rotating.

The SUBROUTINE STAGE then calls upon SUBROUTI_D_ NBODY to perform the inte-

gration of the first-stage path. The derivatives are supplied by SUBROUTINE

EQUATE _hich 3 in turnp calls upon SUBROUTI)_S EPH}CRS_ ICAO 3 AER03 THRUST 3 and

OBLATE. SUBROUTINE EPHMRS computes the perturbations that result from bodies

other than the origin body. The positions of the Sun and Moon are determined
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through use of the merged ephemeris tape, while the position of Jupiter is deter-

mined by SUBROUTINE ELIPSE, which uses the ellipse data loaded on input cards.

SUBROUTINE AER0 determines the aerodynamic accelerations through use of

quadratic equations for the lift and drag coefficients and SUBROUTINE ICA0, which

determines density, pressure, and temperature as functions of altitude. SUB-

ROUTINE THRUST computes the thrust magnitude as a function of ambient pressure

(e_ (¢)) and then determines the thrust orientation relative to the x_y3z axes.
Oblateness accelerations are determined in SUBROLVlTNE OBLATE.

The integration of the first-stage path is terminated by SUBROUTINE STEP
when t = ll7 seconds. Control is then returned to STAGE whereupon the second-

stage data are set in place for integration of the second-stage path, which is

terminated by STEP when t = 324.9 seconds.

It is required that the third-stage engine cease operating when the eccen-

tricity of the path equals ]_10. Let it also be required that the output occur

only every 100 seconds instead of every 50 secondsj as during stages one and two.
These results may be obtained by placing the following cards after the previous

set:

_C:3,CELWAX=IOC &_ OGTPUI EVLRY [_0 SEC. FOR STAG[ 3
LOGKA:I226,XLCCK:I.I,FND:I,INLOOK:30 $_ STUP W_EN _CCENrRICITY : 1.1

These cards are read into the computer after the third-s_age data are set in

place (since IDENT (3) = 3)_ but before integration of the third-stage path

begins. The third-stage burning time, 400 seconds, was purposely set high enoug_
to allow sufficient time for the eccentricity to reach the value 1.10.

To illustrate the input facilities_ the coasting third stage will be called

the fourth stage3 the reverse-thrust portion at the Moon a fifth stage3 and the

final coast portion about the Moon a sixth stage. Under these conditions, it

becomes necessary to determine the initial masses of these stages. The initial

masses of the fourth and fifth stages may be computed on the following input

card_ which is placed after the previous cards:

SD:3G,_T,712=PaSS/ RwASS(4|=NASS,_ASS _ CONPOIE _ASSES FOR STAGES 4 AND 5.

This card will be read into the computer immediately following the condition of

e = 1.10_ since INL00K = 30.

The fourth-stage path is to be integrated in orbit elements with less output

than previously required. The following cards are sufficient for these purposes:
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SU=4,1MOLE=-2, _CDOU[=3, UEL_AX=21600 $$ INTEGRATE IN ORBIT ELE_I_,TS FOR SIAGF 4

STEPS:IO, TMIN:86400 $$ OUTPST EVERY & HOURS TILL I UAY, THEN EVCRY I; SIEPS

About a half day later_ the vehicle is close enough to the Moon so that the

coordlnate-system origin is translated to the Moon. This translation is accom-

panied by a shift to rectangular integration variables: since the vehicle is

approaching the Moon far out on a hyperbolic asymptote, After the origin is

translated to the Moony an input card may be read to cause termination of the

fourth stage when the true anomaly about the Moon is zero:

_L:=LCI,LL;CKX=IL5C, XLOOK=O $$ INTEGI'ATE UNTIL TRUE A_OMALY IS Z[I<G

The fifth-stage path is integrated with revers 9 thrust until e = 0.05.

The angle _ is computed to be x by using the COEFI_ array. The termination

of stage five is caused by the cards:

SD=5,LCCKX=I22&,XLCCK=.O5,1NLOCK=SC $$ STAGE 5, REVERSE TH,(bST UNTIL E=.05

I_CEE=-I $$ SWITCH TC RECTANGULAR COOROINAIES

The slxth-stage mass is computed by the card:

SD=SC,R_ASS(e)=_SS _$ CC_PbTE _ASS FOR STAGE 6.

In addition_ output is desired at lO-minute intervals: which may be accomplished

with the card:

_U:6,FCCCUI=2,CELMAX=6CO,IMO£E=-2 $S OUTPUT EVERY IC MINUTE_ FOR STAGE b.

The last step output is reproduced as follows:

SIEP= 181. _ 18. ECCENTRICITY= 5.00567108E-02 _MEGA=-2.49327761

TI_E= 114425.91 SEMILATUS R.= 2121902.28 TRU A=-3.08236285

JDAY= 2437642.1157 MEAN ANOMALY=-3.07620674 NODE=-I.658BS]6_

ALFA= 180.00C00 PATH ANGLE=-O.17870317 INCL= 0.77642B72

EARTH R= 3.7524622E C8 0.099065 0.940877 0.323939

JSPITE R= 8.4530520E 11 0.579131 -0. Z42897 -C.334688

SUN

V= 144[.76900 R= 2239823.88 REFFR=MOON C_:BII

VX= 859.314598 X= 8_483T.336 R_ASS = 30 4.Lb549

VY= 868.288918 Y=-_Td6946.89 R[VS.= C.bZSllb27

VZ: 765.735362 Z= L020144.25 I,[LT= 462.85/422

R= 1.4697/69E 11 -G.24_[23 -0.895528 -0.386394
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TABLE IS. - PROGRAM C_TROL PARAMETERS

[ Control [_q Possible values

L va_ables locatl_

_- A(21) I Any _ coded body n_e

value

CONS_ A(52) >0, ~I0 -8 to -10 -2 fad!an

""_6MS_-- A(31)

END A(5)

>0, -I0 -_ to _i0 "2 radian

Any number Of seconds

Any number

Setting i Description of use

Internal

Input
called in SUBR05_ EQUATE if object is within that atmosphere.

Input

STDATA: 10 -6

input

STDATA: _6--

input

Lnput

i EKEF A(13) Any number STDATA: 10 -6
input

ERLIMT Any plus number STDATA: SxIO -E
input

+ ETOL

FILE

!

i-T_-io)

i

i I_ODE

I

1
E
t

A(14)

_A_30) positive number Of order
0.01

STDATA: 0.01
input

Normally equal to O,0J set equal to 1.0 in _UBROUTINE EQUATE when Kepler's equation
fails to converge for • > I, and then used to control hranchln6 in _E_DY for

IMODE - S.

Contains name of body that is to have _n atmosphere. Causes SUbROUTInE AiR0 to be

If CLEAR - 0, SU_ROUTINE STDATA is called from MAIN: if CLEAR # O, SUBROUTINE STDATA

is bypassed. STDATA clears the _M t and XPRIMB arrays.

Controls branchir_ in SUBROUTINE EQUATE, which determines how accurate eccentric

anomaly will be ccmp_ted by Kepler's equation.

Similar to CONSTU except that it is used in Sb_ROUTI}_ ELIPSE for perturbing bodles

instead of object.

If MODOUT - 2 or 5, output is given only at intervals of DFJ2_AX.

Used when _OKX _ O. After the condition C(LOOKX) - XLOOK is met, _ontrol is sent

tO =sin program if _ < O, to complete the stage in process if END - O, or began

integrating the next stage if END> O.

Desired error value. ErrOr control predicts step size such that _ - _. If
EP_ < O, it will be treated as +E_; however, error data will be recorded and

p_ri_tad.

Maximum error value that allows step in question to be passed as good step. If

E2 > ERLIMT, step iS recomputed with smaller step size.

If eccentricity fails in region I±E_L amd integration is in orbit elements, inte-
gration mode is switched to temporary rectangular until eccentricity falls outside

this region.

B(22) Any plus integer Internal Set equal to I0.0 in SU_ROtFflN_ ORD_ if tape data is used to determine positlona,
velocities, and attractions of perturbing bodies. Then read a= file number of tape 3.

See TFILE.

[A(IS_) Any fixed-point integer Input internal _lndex of independent variable in COEFNarrs$ _ used In_JNCTIONQUAD. Pot each set of

L
1,2,5,4,-I,-2,-S,-4 STDATAz 1
(fixed point) input internal

'A(1)

A(8) Fixed-point integer Input

i _ixed-point integer i
i

A(9)" STDATA: 711

input

i l,2,E,4 (fixed point) I

] .... 10,I,2,.. .,i0 (fixed point)

i AnY ALP _oded body name I_p_t

REA_ c(,)

C(5) i Any value

! S_GNAL B(31) 0.0 or I.O

Any plus number

Any plus number

Any number

0.0 or 3.0

Any plus integer

S_DATA : 4

input internal

Input

Input

Internal

STDATA: ICO.O

input

STDATA: 1.0

input

Input

Input internal

, STDATAI l.O
input

inteenal

Inpu t

_ntez_nal

Internal

Input

Any n_mber in seconds

Any n_ber in seconds

O.Oor 1.0

STEP_X _ A(le)

isTEPs A(I_)
SWLO0_ _(lO)

'T_Z s :oCt)

_LE iA(_)

_--] A(IS)

!m_s, iA(_.)
Arj number in seconds

Any n_mber

[coefficlenta there is an ZCC. They are set at input time and are reset each time

JQUAD is tailed: __ _ --

Indlcates integration mode_-- Must agree with input data (if input data is rectangular,

IMODE should equal _ or -27. Values indicate:

1 m orbl +_ elements -I - orbit elements, change to re=tangm!ar

[ 2 - rectan_lar var_abl_s -2 - rectangular, chaise to orbit e!emer.ts

. temporary rectangular -5 . orbit, change ,o t_porary rectangular a
4 - Earth spherical cha_ge -4 - Earth spherical, change to orbit element

to tee tan_lar

The proTram searches for the value C(LOOK_) - XLOOK if LOOKX _ O. ._.e search begln=l

when C(LOOKSW) _ SWLOOK. If and when C(LDOK) - XLOOK output occurs and program
control is directed by the parameter _D.

_e search for C(LOOKX) - XIX)OK does not begin until C(L_KSW) > _K. Typically,

time is the decidir_ parameter; therefore, STDATA sets LOOKSW _ VII.

MODOUT- 1 Output ever-_ nth step (n - STEPS) until T'/ME - TMIN, then shift to mode 2.

. _ 0utput at time intervals Of DEL_X until TIME . TM]C_.

. $ _u_p_t at tlmet_ntervala of DEI/gAX until TIME - TM!N, then shift to mode 4.
0utpu_t every n ste_ untll TI.M_ - TMAX.

If the initial data (arrays A, XPRIM, and XPRIME) for the nth stage is to be saved, it

will occur Just prior to the nth stage integration if NSA_E - NSTAGE, the stage
index. NSAVE - 0 is i_ored (no stage data will be saved).

!If oblateness effects are to be considered, loading a body name will cause SUBROUT_
iO_ATE to be called from SUBRO_TIN_ EQUATE when OBLATN =arches reference body,

I!f RECALL _ 0.0, "starting" data will be reetorbd from D array in MAIN. See NSA_.

Ill and when C(LOOKX) - XLOOK, SIGNAL is set to 1.0 for use _n any of the subroutines
_I___ STAGEhand soforth. EXTRA resets SIGNAL - _ ......

Ill (STEPGO + STEPNO) Z S _SP_, problem terminate,.

U_ed when MODOUT - I or 4. Output will occur at every n th step where n - STEPS.

Used when LOO_X _ O. Value of the parameter C(LOOKSW) to _e equaled or exceeded

before the search for C(LOOK) - )_,OOE begins.

If "working" ephemeris tape is to be made, TAPE 5 must be set equal to =ors through
input contained in SUBROUTINE TAPE. If no tape is r_de, or after tape is _ade,
TAPE _ is set to 3.0.

Selects which file of "working w eph_merls tape is to be used. ORDER positions tape in
correct position by matchir_ desired file number (T_ILE) with code word (pILE)

written at beginning of each file on tape.

When time - TMAX a stage is terminated. I

When time - _MIN output mode is changed. See MODOUT. J

INormally TRSFER = 0.0, but when origin is beir_ translated, TRSPER- 1.0, which causes

SUBROUT_NES EPH_S and ELIPSE to compute velocities as well as positions. |

W_enintegration=odeis changedto t_orary reota_ul_,__!_T_, s_._ tim__ |
which proEram will begin checking for rgt_Dn to oyblt eAe_enyS_.see NBoDYart=____

_ne value of C(LOOKX) that is searched for as the trajectory _ntegration proceeds |

providing LOOE_# O.
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TABLE III. - BASIC OUTPUT FORMAT

(a) Sample output

STEP= O. + O. ECCENTRICITY= I. 00000000 0MEGA=-2. 64801353
TIN[E= 0. SEMILATUS R.= 1.95844640E-09 TRU A= 3.14159262
JDAY= 2437640.8350 MEAN ANOMALY= 0. NODE_ 2.02516600

ALFA= O. PATH ANGLE= 89.9209976 INCL= 1.57079409
ALT.= 0.1875000 R PATH ANGLE= 89.9209976 DRAG_ 4.99665982E-05
SUN R= 1.4728028E II -0.261730 -0.885466 -0.383989

V= 9.99999976E-02 R= 6575546.50 REFER=EARTH RECTAN 2
V X= 3.86224559E-02 X=-2463371.57 RMASS= 150000.000
V"/= 7.90702742E-02 Y= 5043168.50 REVS.= 0.32231534

4.74994606E-02 Z= 3019569,50 DEL'I_ 6,00000000
VR= 9.99999976E-02 G=- 1.49946962 PUSH= 0.

MOON R= 5.9293912E 08 -0.387660 -0.874848 -0.290456

(b) Parameter identification

Output format mnemonic Identification
r

STEP

TIME

JDAY

ECCENTRICITY

SEMILATUS R.

MEAN ANOMALY

OMEGA

THU A

NODE

INCL

AI_A

PATH ANGLE

V, VX, VY, VZ

R, X, Y, Z

REFER

RMASS

REVS.

DELT

ALT.

R PATH ANGLE

DRAG

VR

G

PUSH

Count of total number of successful integration steps
to left of plus sign and count of failures on right

Time since beginning of integration process, t, sec

Current Julian date

Osculating orbit eccentricity, e

Semilatus rectum of osculating orbit, p, m

Mean anomaly of osculating orbit, M

Argument of pericenter, _, radlans

True anomaly of osculating orbit, v, radians

Equatorial longitude of ascending node of osculating

orbit, £, radians

Orbit inclination referred to mean equator and

equinox of 1950.0, i, radians

Angle between thrust and velocity, m, deg

Angle between path and local horizontal, deg

Velocity and its x,y,z components, V, m/sec

Radius and its x,y,z components, r, m

Name of reference body, followed by integration
mode, IMODE

Vehicle mass, m, kg

Revolutions past x-axls

Step size for current step, h, sec

Altitude above Earth, m

Relative path angle, relative to Earth, deg

Total drag force, D, newtons

Velocity relative to rotating reference body

Total Earth g's acting on longitudinal axis of mlssile

Thrust force, newtons

Vehicle to perturbing body distance, ri, plus direc-
tion cosines
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TABLE IV. - COMMON ALLOCATION

ThE CCN_CN ARHAY C IS ARRANGED IN SUBARRAYS AS FOLLOWS.

C( II) - C! 710) - A (Those parameters whose initial values must be identical on different flights if the trajectories

are to be identical)

C( 711} - C(910) - XPRIM (Most significant half of the double-precision integration variables)

C(91L) - C(III0) - XPRIM8 (Least significant half of the double-precision integratlon variables)

C{|LII) - C{1910) - S (Those parameters whose initial values need not be identical on different flights if the tra-

Jectories are to be identical)

C(1911) - C(211C) - TABLE (Table required by the input routine to locate input data)

C(2[ll) - C{3210) - 0 (Array of initial values for A,XPRIM, and XPKiMB if restart facility is being used)

ALLOCATICN FOR THE ARRAY A

1 IMCCE N_ NSTAGE ALT EN0 TFILE ASYMPT LOOKX LOOKSW SWLOOK

|| XTOL XLOCK EREF ERLIMF TKICK STEP_x STEPS THIN DELMAX HOD()U/

21 AT_N RATM DTDFFJ TOFFT RE CBLATJ OBLAfD OBLATH AU E1OL

31 CONSU CCNSTU LAT LONG AZI ELEV VEt LSTAGE ROTATE OBLATN

41 STEPGD STEPN0 DEL SPD TTOL GASFAC SORDKI REVS ALPHA BETA

51 AK TTESF AW - U |ND

6[ - - T8 ....

71 - WMASSI ....

81 - FLOW| ....

ql - SIMPI ....

IOL - AEXIT1 ....

lIl - AREAI - - "

12L - IDENT ....

131 - DELTI ....

|41 - BOOYCD - " "

151 - ICC .....

161 - CDI CL CO PUSH ELIPS - -

171 ......

181 ....

191 ......

201 ......

Zll ......

221 .....

231 ......

241 .....

251 ......

261 .....

271 .....

28[ .... PNAME - -

291 ......

301 .....

311 . - - REFER - -

321 ......

331 ...... .-

341 - - AMASS - -

35l ....

361 ......

371 - - RCRIT - -

381 ....

3gl ....

401 - - COEFN - -

411 ....

421 - - " " -

63! ....

4%1 ......

451 - " -

461 - - ° " "

471 ......

481 - - -

491 ......

501 ......

511 ......

521 - - - " "

531 - - - - "

541 - o -

551 - - -

561 ......

571 - - -

581 °

591 - - - - - |NLUOK NCASES

601 SWITC_

61t

621

631

641

65L

661

671

681

6gL
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TABLE IV. - Continued. COMMON ALLOCATION

ALLCCATICN FOR THE ARRAY B

l OELI SIMP

l| A2 ACGEF1

21 REVCLV FILE

3[ SIGNAL

4[ NBCEYS MBOCYS

5| INUERR SINIRU

6[ -

7I - XIFT

81 RACIAL CIRCUM

91 A_SCRC VX

]01 VCSCRC R

Ill -

I2L - BNAPE

131 -

141 -

15I -

161 -

171 -

181 -

lgl -

201 -

211 -

22[ -

231 -

2¢I VEFM

251 -

261 -

27l -

281 -

291 -

301 -

31[ -

321 -

33I -

341 -

351 -

361 -

371 -

381 -

391 PUShO EXlTA

401 X

411 -

42I

k3l -

44I

45!

461 -

471 -

481 -

4ql -

501 XCCT

511 -

521 -

531 -

5_I -

551 -

561 -

571 -

5Bl -

59L -

601 XINC

61l -

621 -

631 -

641 -

651 -

661 -

67l -

bBl -

691 -

701

7Ll

721

731

74[

751

761

771

781

791

AEXIT

ACOEF2

RATMOS

PRFSS

ZN

COSTRU

COMPA

ZORNAL

VY

BOOYL

TIM

RB

RAMC

TMAX FLOw

ACCEF3 HZ

NSTART CHAMP

IM SQRDK

QMAX RSORD

SINCL CINCL

UBLAT

P

VZ V

RBCRIr

NEFMRS

- rUArA

AREA RE$_RD

SPACES ERLOG

EPAR EXMODE

GK2M GKM

S[NALF S[NBET

SINV COSV

FORCE

- AMC

VS_RD VATM

OWBELS

- BMASS

- IBOOY

"- XP

TRSFER

L2

FMONE

VMALH

COSALF

RATIO

QX

PSIR

ULDUEL

KSUb

D_SIIY

DGN[

CUSbEr

DRAG

OU I I.'uT

AI

TABLT

P5l

rxb

P_A_N

PAR

AM

VU

XWHI)LE

EFMR_

fOEL
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TABLE IV. - Continued. COMMON ALLOCATION

ALLCCATIEH FOR THE ARRAY C

1 _CASE TAPE] CLEAR

lL [MCCE NEC NSTAGE

2! xTOL XLCCK E_EF

31 AT_ RATP DrOFFJ

4| COH_ CE_STU LAT

51 bIEPCO STEPN0 DEL

_1 AK

71 TB

81 - RMA_SI

9; - - FLO_!

LCl - S[MP[

LII - AEXIrl

121 - AREA1

L_l - IDENT

141 - DELTI

LSl - EODYCO

161 - ICC

I?I - CDI

Iel

191

201

211

22l

231

251

261

27[

ZBl

2ql

3Ol

311

32l

331

36L

3SI

3hi

3Tl

3Bl

391

401 - -

411

421

_31

&41 v

45[ - --

46L

41[ *

681

49[

501 - -

fiLL - -

521

531 - -

541

5bl

56I

571

581 - -

5_l - -

60[

61t s_irc_

621

63[

651

661

671

681

69|

7o1

7ll XPR[P

NSAVE RECALL

ALt END

ERLIM_ TKICK

[OFFT RE

LONG AZ[

_PO TtOL

TTEST AW

f-- CU CO

v

rF[L£ ASYMPT LOQKX

STEPMX STEPS IM[_

ORLAIJ OBLAID UBLArH

ELE_ VEL LSTACC

GASFAC SQRCKI KEVS

PUSH EL[PS

- PNAMF

- REFER

- AMASS

- RCKII

- COEFN

LOUKSW

DELhAX

AU

ROTATE

ALPHA

U

[NLOUK

SWLnOK

MODOuF

ETUL

DuLAIN

BETA

NF.ASF$
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TABLE IV. - Continued. COMMON ALLOCATION

T2!

73!

T41

75I

T61

771

78|

TgI

801

81!

821

841

861

871

881

891

qOl

911

921

931

941

951

961

971

981

991

ICOI

1011

1041

1051

1061

1071

1081

1091

II01

IIII

I121

11]I

I141

1151

1161

I171

llS1

llql

1201

1211

1221

1231

1241

1251

1261

1271

128t

1291

1301

1311

XPRI_8

OELT

AZ

REVCLV

SIGNAL

NSOCYS

INDERR

RADIAL

APSCRD

V¢SCRC

.

S[MP

ACCEF1

FILE

MBCCYS

SI_TRU

XlFT

ClRCU_

VX

R

8NA_E

ACXIT

ACOEF2

RATM()$

PRESS

ZN

COSTRU

COMPA

]ORMAL

VY

80OYL

R8

r_Ax

ACOEF3

NSTART

r_

_AX

SINCL

P

VZ

FLOW

H2

CHAMP

SQRDK

RSQRD

CINCL

OBLAT

V

RSC_|T

flEFPRS

AREA

SPACES

EPAK

GK2M

SINALF

SINV

FOWCE

VSORD

ORBEL$

RES_ND

ERLOG

EXNOD[

GKM

SINBET

COSV

a_C

VAT_

8MA5$

[8OOY

iRSFER

E2

EMO_C

_MAb_

COSALF

HATIU

OX

°

ULDb[L

KSU6

bN$irY

5ON_

[uSbEI

DRAG

A1

TAHLr

PSI

T_U

PMAI,N

PA_

Ah

V_

XWtiOLL

EFM:_

TbEL
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TABLE IV. - Continued. COMMON ALLOCATION

1321 -

1331 -

1341

1351 VEF_

1361

1371 -

1361

1391

1401 -

1411 -

1421 -

1431 -

1441 -

1451 -

1461

1471 -

1481 -

1_91 -

1501 PUS_ -

1511 X

1521 -

1531

1541

1551

1561

1571

1581

1591 -

1601 -

1611 XCOI

1621

1631

1641

1651 -

1661 -

1671 -

1681

16_I -

1701 -

1711 XlNC

1721 -

1731

1741

1751

1761 -

1771 -

1781

1791

16_I

1611

1821

1831

1641

1651

1661

1871

1881

1891

1901

1911 TAELE

EXlTA

.

RAt_C

.

rOA[A

XP

°

°

o

PS1,4 OuTPOT

.

°

.

-

.

.

RI:I URN
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TABLE IV. - Continued. CO_40N ALLOCATION

1921

1931

1941 -

1951

lqal

1971

1981

1991

2001

2011

202l

2031

2041

2051

2061

2071

2081

2091

2101 - "

2111 D

2121

2131

2141

2151

2161

2171

2181

21gl

22C1

2211

Z221

Z231

2241

2251

2261

2271

Z281

2291

2301

2311 -

2321

2331

2341

2351

2361

2371

2381

2391 -

2401

2411 -

2421 -

_431 -

2441 -

2451 -

2461 -

2471 -

2481 -

2491 -

2501 -

2511 -
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: TABLE F_. - Concluded. COMMON ALLOCATION

2521

2531

2541

2551

2561

2571

2561

2591

2601

2611

2621

2631

2641

2651

2661

2671

2681 -

2691

2701 °
2711

2721 -

2731

2741

2751 -

2761 -

2771 -

2781 -

27ql -

2801 -

2811 -

2821 -

2831 -

2841 -

2851 -

28bl -

2871 -

2881 -

2891 -

2901 -

2911 -

2921 -

2q31 -

2q.1 -

2951 -

2961 -

2971 -

2981 -

2qql -

3001 -

3011

3021

3031

3041

3051

3061

3071

3081

30gi

3101

3111

3121 -

3131

3141

3151

3161

3171

3181

3191

3201

i00
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TABLE Vl. - ASSUMED VALUES OF ASTRONOMICAL C0_TANTS

Constant Assumed value FORTRAN COMMON
name location

Astronomical unit_ m
Gravitational constant of the Sun3 AUS/day 2

Equatorial Earth radius_ m
Earth oblateness coefficient# J

Earth oblateness coefficient_

Earth oblateness coefficient_ H

Earth radii per AU

Day_ sec
Mass_ reciprocal sun mass units:

Sun

Mercury
Venus

Earth

Mars

Jupiter
Saturn

Uranus

Neptune

].. 49599x10 ll

2.959122083X10 -4'

6378165.
1,, 6234,5X10 -3

7. 875X.I0 -6

4. 265465t2_o-5
86¢00

!.0

6_!20,0001
408_ 645

332951. 3

3j088_000
1047. 39
3500. 0

22_869

18_889

AU

SQRDK1

RE

OBLATJ

0BLAX9

OBLATE

ERTOAU

SPD

_Y_ASS(6)

A_SS(8)

Pluto

Moon

Earth-Moon

Sphere-of-influence radii_ m:
Sun

Mercury

Venus

Earth

Mars

Jupiter

Saturn

Uranus

Neptune

Pluto

Moon

400_000

A_ASS(4)x 8l,375

!oOXIO gO

AMASS(Z0)

AMASS(12)

i.omo _ RCR_(2)
6.14xzo8 RCE_(3)
9.25_o 8__m:_(4)
5.78XlO _ RC_(5)

4.8zxlolORCRZ_(6)
5, &6XlO lO RCRiT(7)

5.17  o RCRI (8)
8. 6].xto--'- Rc_(9)
3.81XIO I0 RCET(10)

6oxzo8RCP_(zz)

A(_9)
A(4V)
A(25)
A(26)
A(27)
A(_S)
_(:)
A(44)

A(34_)
A(548)

A(349)

A(350)

A(35!)

A(352)
A(35_)
A(354)

A(355)

A(356)

A(35V)
A(558)

A(377)

A(378)

A(3_)
A(380)

A(38_)
A(385)

A(384)

A(385)

A(_8_)
A(38_)

aLocation relative to COMMON of SUBROUTINETAPE (TAPE has a COB_0N that is inde-

pendent of all other subroutines).
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Cause of exitExiti

a

b

C

d

e

f

End of data on input tape or incorrectly punched data cards

Illegal request of ephemeris data (misspelled names, _rrong dates, etc.)

Illegal list of bodies (misspelled, unconnected references, etc.)

Sense switch 6 down (machine operator termination)

Number of permissible integration steps (STEPMX) exceeded

Nonconvergence of Kepler's equation after 15 iterations

Fi_Jre I. - Block diagram of principal subprograms and program exits. Numbers on the block

diagram are the FORTRAN calling statement n_mbers. A program may call only those programs

located at a lower level and connected by a line. Logic decisions are not shown.
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(. _y ,;h....istap,h.....tr_otod_(_aTAPE_- o.o_) )

( Sho'nathe star.darddatabe aoaded? _Zs _E_R - 0.?) )

YES NO(S L_ROUTINE STDATA

( Should inlt:al_ta _d _o_trolpa....t_s b....a:led? (:, _c_ - o.?) )

YES INOI D _ A, XPILIM, XFRIMB I

<INPUml (Mai__p_t station)

Is sense switch 6 down?

I co_t....be_{LSTA_E)o_,t_g,s_ _otyetsp_oi_i_dI

<s_o_=_ o_ <O_de=sll,to_p,=t_hi_gbodies)>

Eea_ for next trajectory

SUBROUTINE STA_E

STAGE

Should initial data for this stage be saved? ITs NSAVE - NSTAGE?)

_YES . NO

I Move vehicle stage data for this stage into working stores I

<:_P=. IDIOT,:._STAGE)(I_p_t_t_tlonfo_thls,_age)>

Is I'NPUT in earth-centered spherical coordinates? (Is !IMODEI = 4_)

!=s _oSUBROUTIffl TUDES (Convert to rectangular coordlnates]_

&
SUBR05"rlqCE EXTRAS (Allows auxiliary computation between stages)

.o )=s

IS this the last stage? (Is NSTAGE = LSTAGE?)

I _ST"°_- _STAGE" _ 1

_BROD_fINE EXTRA (Allows auxiliary computation after traJectory)_

>

Figure 2. - Flow diagram of the main program and SUBROUTINE STAGE.
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